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Christmas Airplanes 


The wings of Christmas Air- 
planes are flexible like those of a 
bird. The rear of both planes 
floats upward when the air pres- 
sure becomes unnecessarily great. 
Thus higher speed is attained— 
and extra safety too, because 
wind-puffs flex the wings instead 
of disturbing the balance. 

Christmas Airplanes are speedier, 


safer, and more easily controlled. 
Write for full information. 


Cantilever Aero Company 
169 Broadway, New York City, N.Y. 
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The ACE Landing in Fifty Feet 
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given by appointment. 
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C. M. SWIFT, SALES OFFICES 


Gen. Mgr. 


N. W. DALTON, 220 West 42nd Street 


Chief Engr. NEW YORK 


HORACE KEANE, 
Sales Mer. Flying Field—Central Park—Long Island 
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TWENTY-FIVE HUNDRED DOLLARS 


AIRCRAFT ENGINEERING CORPORATION 


GENERAL OFFICES, 


High 
Factor 
of 
Safety 





Orville Wright, whose opinion is shared by others, contends that aeroplanes 
must either have a very low landing speed or there must be frequent alight- 


The ACE lands normally at twenty-five miles an hour and requires at 
most a one-hundred foot run. It has been successfully landed in fifty feet. 


The ACE is built by an organization skilled in aircraft design—Quantity 


Flights are being made daily at our Flying Field. Demonstration will be 


2 East End Ave. 


FACTORY A 
535-37 E. 79th St. 


FACTORY M 
417-19 East 93rd St. 
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THE MARTIN NIGHT BOMBER 


THE MOST IMPORTANT AERIAL DEVELOPMENT 
OF THE WAR 


Officially, it has surpassed the performance of every 
competitor. 











The forerunner of the wonderful 


AERIAL FREIGHTER and 
TWELVE PASSENGER AIRPLANE 


The skill and ability of the HOUSE OF MARTIN con- 


tinue to maintain Supremacy of Performance and Depend- 
ability which they have held since 1909. 








THE GLENN L. MARTIN COMPANY 


CLEVELAND 





Contractors to the United States Government 
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CRANKSHAFTS 


AIRPLANE, AUTOMOBILE, TRUCK AND TRACTOR MOTORS 
CAREFULLY FORGED 














PROPERLY HEAT TREATED 


AND 


ACCURATELY MACHINED 


TO YOUR BLUE PRINTS AND SPECIFICATIONS 












WE ALSO SPECIALIZE IN THE FORGING OF 


AXLES 


BOTH LIGHT AND HEAVY 


CAMSHAFTS, CONNECTING RODS, CONTROL LEVERS, 
GEARS, CLUTCH DRUMS AND FORKS, ETC. 
UPSET FORGINGS 


DRIVE SHAFTS, WHEEL HUBS, COUNTER WEIGHTS, ETC. 
SEND US YOUR INQUIRIES 


ANDERSON FORGE AND MACHINE CO. 


DETROIT, MICHIGAN 
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Department 
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The experimental age of the airplane has 
been passed. With its part in the war now a 
bright epoch in history, the airplane is going 


to create history in the world of commerce. 














AVIATION April 15, 19}9 





Our shipyards—our aircraft 
ey factories—our munition 
plants — scared away Ger- 
many’s last atom of fight. 
She quit. And now we are 
paying for this industry — 
this giant whose smoke put 
the fear of death in the Hun. 


























When you subscribe, re- 
member it was our over- 
whelming preparations 
which made short of a 
long war. 


Show the depth of your 
feeling by the size of your 





subscription. 
Aictory Liberty Loan 


a Space contributed by 
” 
The Clean-up 


Button Aviation and Aeronautical Engineering 
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HE Rockwell Radiator is the original Mayo 
Honeycomb type which allows a vertical, fast 
flow of water and large air passages. It is 

built sturdy, strong and durable to withstand the 

tremendous vibration of aeroplane motors; it is also 
light—factors which make it entirely efficient for 
aeroplane use. 

We designed and built the first radiator which 


successfully cooled the wonderful Liberty ‘Motor. 
Liberty Motors equipped with 


ROCKWELL 


Mayo Patent 


Motor Radiators 


rendered remarkable service both here in the train- 
ing schools and over the lines in France. 

Since the beginning of the war we have specialized in 
the development of aeroplane devices. We developed 
the first machine gun in this country to shoot through the 
path of a revolving propellor. We probably manufactured 
more machine guns than any other concern in the world. 
We developed and manufactured two of the three types 
of the American Army Aerial Bombs. 


Our war activities on aeroplane guns, bombs and radia- 
tors have given us an unusual knowledge which qualifies 
us as experts on aeroplane radiator requirements. 


MARLIN -ROCKWELL 
coo ea Ff @ #2. 4A Ff 2 2 mM 
MAYO RADIATOR DIVISION 
14382 ST. AND SOUTHERN BLVD. 

NEW YORK 



















Army JN4 Type 
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©The largest selling quality 
pencil in the world — 


17 black degrees 
and 3 copying. 
For bold heavy lines, 
6B-5B-4B-3B 
For general writing 
and sketching, use 
2B-B-HB-F-H 
For clean fine lines, 


2H-3H-4H-5H- 
6H 
For delicate thia 


lines maps, charts, 
7H-8H-9H 


ENUS 
PENCILS 


A pours dependability in 
every individual part of his 


plane is the only guarantee of 
safety to a pilot. That same de- 
pendability in the tools with which 
its plans are drawn is assured when 
the Famous VENUS Pencils are 
employed. 


Special 14c. Offer 


Send 14 cents for three trial 
samples mentioning degrees. 
After you find how perfect 
VENUS pencils are, buy 
them from any dealer. 


, a oe Lead Pencil Co. 


242 Fifth Avenue, New York 


and Clapton, London, Eng. 
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“NORMA” 
PRECISION 


BALL BEARINGS 


(PATENTED) 


In normal times, saleability may be placed 
before serviceability. But in times like these, 
serviceability comes into its own—saleability 
becomes a minor consideration. To “make 
good’’—to be adequate—to bear a full share 
of the national burden—these are the big 
essentials now. And the machines which to- 
day most conclusively prove their service- 
ability will, in normal times, be the ones that 
find the readiest market. 


In peace-time, as in war-time, 
“NORMA” Ball Bearings are prov- 
ing their serviceability in the 
ignition apparatus and lighting 
generators used on the cars, 
trucks, tractors, power boats and 
airplanes which are meeting the 
service demands on land, at sea, 
and in the air, at home and 
abroad. 


Be SURE—See that your Electrical 
Apparatus is “NORMA” Equipped 


THE NORMA COMPANY OF AMERIG 


i799 BROADWAY NEW YORK 
Ball, Roller, Thrust and Combination Bearings. 
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AEROPLANE CRANKSHAFTS 








W YMAN-GORDON HIGH DUTY CRANK- 
SHAFTS did their full duty in Aeroplane 
Motors used by the United States and Allied 


Nations. 


We are justly proud of our contribution to the 
General Aeronautical Program. 








W YMAN-GORDON COMPANY 


The Crankshaft Makers 


Worcester, Mass. 


Cleveland, Ohio 
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VERY layout that 
calls for a bear- 
ing peculiarly 

adapted to the lighter 
ranges of loads and 
high speeds finds its 
natural solution in 
the New Departure 
Magneto type. 


The workmanship is exceptionally expert, and it assures the 
essential qualifications of noiseless operation, absolute accuracy of 
dimension and finish and consequent inter-fitment of all parts. 


Write for engineering data on the New Departure Magneto type bearing. 


THE NEW DEPARTURE MANUFACTURING COMPANY, 
Bristol, Conn. Detroit, Mich. 
Conrad Patent Licensee. 
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IVE months have now elapsed since the signing of 
armistice brought the war to an end. The vast air 
forces which the Allies organized for the victorious 

termination of the war are now going through the pro- 
eess of demobilization and plans are being formulated 
for the establishment of aerial transport services which 
would utilize to best advantage the surplus of aeronau- 
tical personnel and material the general demobilization is 
creating. 

That in the formulation of these plans coordination is 
imperative will not be disputed in view of the novel 
nature of the field aeronautics is to enter. Everything 
in this domain has to be determined empirically, from 
the most advantageous types of aircraft to rules of traffic, 
from aerial fares to insurance, from territorial rights to 
the organization of landing stations, and so forth. 

The magnitude of this work can hardly be overrated 
and per se justifies the demand that it be carried out 
without friction, that is, in coordination. This require- 
ment is naturally most satisfactorily answered where the 
government takes a hand in the matter and gives assist- 
ance to those concerned in their struggle with these 
much involved questions. 

In Great Britain, with the demobilization of the Royal 
Air Force, General Sykes has been appointed Controller 
General of Civil Aviation, and will head in the Air 
Ministry a department entirely devoted to the control 
and development of commercial aeronautics. 

The Royal Air Force estimates for 1919-20 provide a 
sum of $15,000,000 for civil aeronautics, two-thirds of 
which are to go to research and experiments while the 
remainder is to be employed for the maintenance of the 
new department and the development of transport air- 
craft. 

In France, Colonel Leclere, formerly O. C. the Aerial 
Defenses of Paris, has been appointed Director of Civil 
Aeronauties and is charged with the task of organizing 
the entire system of commercial aerial routes. In this 
work he will have the assistance of the Commission of 
Civil Aviation, which the French government created 
early in 1917. Colonel Leclere has already perfected a 
preliminary project of linking up the principal towns 
of France by a system of aerial routes, with main 
Stations situated every 150 miles or so, and marked for 
both day and night flying. In short, the French gov- 
ernment intends to organize the whole aeronautical 
ground establishment, such as hangars, repair shops, 
stores and staffs, and leave the exploitation of the aerial 
routes to companies chartered to carry passengers, goods 
and mails. Thus does France stimulate the development 


of commercial aeronautics. 
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In view of the above it may be asked what are our 
own authorities doing to foster aerial transport? There 
is in existence, within the National Advisory Committee 
for Aeronautics, a sub-committee on civil aerial trans- 
port, which has for some time been engaged in formu- 
lating a report on the principal problems of civil aero- 
nauties. The publication at an early date of this report 
will be awaited with considerable interest, not to say 
anxiety, by all concerned with the best interests of 
American aeronautics. 





The Variable Pitch Propeller 


Some recent tests have demonstrated that it is en- 
tirely practicable to construct a variable pitch propeller 
and that by its use both speed and climb may be appre- 
ciably increased. Yet at the same time the increase in 
efficiency has not been as great as commonly expected on 
theoretical grounds. 

Engineers in discussing the variable pitch propeller 
have tacitly assumed that since the efficiency of the ele- 
ment of a propeller is largely dependent on its angle 
of incidence and the corresponding lift over drag ratio, 
by suitably varying the pitch the same angle of incidence 
could be maintained under all flight conditions and con- 
sequently the same efficiency. 

Unfortunately the efficiency of an element is not solely 
dependent on the lift over drag ratio; it is dependent 
on the pitch angle also, which should be as large as 
possible for efficiency, and it is further dependent on the 
ratio of the velocity of the slip-stream to the velocity 
of the plane. The three quantities are connected in a 
complicated way and their relationships are at the very 
basis of our propeller theory. 

Thus on a climb, no matter what is done to the pitch 
and to the angle of incidence of a blade element, the 
forward speed must diminish and the velocity of the 
slip stream increase with the thrust, which means a 
decrease in efficiency if even the same angle of incidence 
is maintained. It follows from this that the efficiency of 
a propeller under varying conditions is not entirely 
within the control of the variable pitch propeller. Where 
the main utility of the device lies, is that by making 
possible a smaller angle of attack, the engine can regain 
most of ‘the r. p. m. it loses in a climb. 

In spite of this, important improvements can be ob- 
tained. Thus with a JN-4H equipped with a 150 hp. 
engine, a gain in ceiling of 3000 feet was obtained. At 
15,000 feet, with the variable pitch propeller, a speed of 
88.2 m. p. h. was attained as compared with the 73 
m. p. h. of the fixed propeller. 








The Caproni E-3 night bomber is a three-engine biplane of 
considerable originality, which was developed during the war 
in Italy with the view to having a heavy load-carrying air- 
plane in which the splitting of the power plant into three in- 
dependent engine units would insure great reliability of opera- 
This type of Caproni bomber—there also exists a three- 


tion. 


The Caproni E-3 Night Bomber 


may be seen from the accompanying illustrations (Fig. 1), 

Otherwise, from the engineering point of view, this machine 
does not invite particular comment; the general construction 
is of conventional design, though attention may be called to 
the lack of vertical fin surfaces abaft and the use of three bal- 
aneed rudders which is a feature seldom met with nowadays, 

















Fie. 1. THRee-QuartTer Rear View OF THE CaAPRONI E-3 


engine triplane of huge dimensions—has extensively been used 
on the Italian and French fronts for long-range night bombing, 
and though its general outline has hardly changed since it was 
introduced in the Italian air service in 1915, the power plant 
has undergone many alterations. At first Gnéme, Le Rhéne, 
Renault and Salmson engines were used in various combina- 
tions, and it was only when 


The gross, or flying, weight of the machine is 12,914 Ib., and 
the total wing area 1384 sq. ft.; the wing loading is conse- 
quently 9.3 lb./sq. ft., and the power loading, with three Navy- 
type Liberty engines, 13 lb./hp. The ground speed is 100 
m.p.h., and the elimb, 6500 ft. in 16 min. 20 see., and 10,000 ft. 
in 49 min. 

The armament consists of 





the Fiat 260 hp. engine be 
eame available that the use 
of the latter became standard 
on the Caproni bomber’s man- 
ufactured in Italy. 

The machine deseribed and 
illustrated herewith, which 
was manufactured by the 
Standard Aircraft Corp., dif- 
fers only in minor details 
from its Italian prototype, 
though its dimensions have 
been increased with respect to 
the latter in order to earry 
the heavier and more power- 
ful Liberty-12 engines. These 
are of the low-compression, 
Navy type, and develop 330 
hp. at 1590 r.p.m.; the fuel 
consumption is .55 lb. per hp. 
hr., the oil consumption .03 
Ib. per hp. hr. 

The mounting of these en- 








two Lewis Guns, one of which 
is mounted on a gun-ring in 
the nose of the nacelle, while 
the other is carried behind the 
wings on a lightly built skele- 
ton turret (Fig. 2), which 
affords the after gunner a 
very wide are of fire, covering 
virtually every angle. In ad- 
dition to this defensive arma- 
ment, six 230-lb. and four 
110-lb. bombs are carried in 
racks in the nacelle for of- 
fensive work. 

The main _ constructional 
features of the Caproni E-3 
night bomber are given here- 
with, together with a_ tab- 
ulation of dimensions and 
weights. 





Main Planes 


Main planes are in five see- 





gines constitutes the most 
outstanding feature of the 
Caproni bomber, for this ar- 
rangement is not met with in any other existing airplane; it 
may be described as follows: In the rear portion of a central 
nacelle, which affords accommodation to the crew of three and 
contains two control sets, instruments, bomb racks and gun 
mounts, is fitted a Liberty-12, driving a pusher airsecrew; a 
fuel tank of 130 gal. capacity and an oil tank of 16% gal. 
capacity are fitted in front of the engine, while the radiator is 
let into the nose of the nacelle. On either side of the nacelle 
there is a wing fuselage which carries a Liberty-12 with tractor 
airserew and nose radiator, and contains fuel and oil tanks of 
the same capacity as those in the nacelle. These wing fuselages 


F 14. 2. 


extend all the way back and serve to support the tail unit, as 


Fore Part oF THE CAPRONI E-3 
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tions, each respective section, 
top and bottom, being of the 

same length. Camber of un- 
der curve of wing section is 3.267 in., and the maximum ordi- 
nate occurs 31.496 in. back from the leading edge; camber of 
upper curve is 7.618 in. and maximum ordinate is 39.37 in. 
from leading edge. The greatest thickness of rib is 4.665 in. 
and occurs 55.118 in. from leading edge. The angle of inci- 
dence of top plane is 5 ft. 30 in., of bottom plane 6 ft.; the 
gap is 9 ft. 26 in. 

All interplane wing struts, except the four large ash struts 
paralleling vertical sides of fuselage and the four central struts 
from main longitudinal members of nacelle to plane, are of 
stream-line section steel tubing when available, or of round 
steel tubes and stream-line fairing of spruce. The four short 
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central struis running from nacelle to upper plane are all of 
spruce and tube construction, and the next struts out on the 
other side are of two laminate ash. 

All struts sockets are of the same general design, but not 
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tinet lips protruding above spar. All are drilled. The center 
lips receive the strut, which is secured with a bolt passing fore 
and aft through all; the two outside lips have a bolt passed 
through which receives the turnbuckles and eable ends of inter- 
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Fig. 3. 


interchangeable, due to the fact that those parts coming closer 
to the center of the machine and receiving greater stresses are 
built heavier. This is also true of the struts, whose cross section 
decreases as the wing tips are reached. The strut sockets con- 
sist of two steel plates welded to the fore and aft sides of a 
Square steel sleeve, which in turn is slipped over the outside 
ends of the spars, secured thereto with three %4-in. bolts; the 
next adjoining sections have their spars slipped into this 
socket. The two plates forming strut sockets have three dis- 


OUTLINE DRAWINGS 


plane wiring. The bolt passing through strut ends also serves 
as an anchorage for all incidence wires. 

The two central sections are 16 ft. 1.38 in. long, intermediate 
18 ft. 53 in., and outer sections 11 ft. 10 in. All main plane 
spars are 119/32 in. x 3% in., the greatest depth, of course, 
being in the vertical plane. Central section and upper inter- 
mediate section spars are of ash, all others Douglas fir or 
spruce. All spars are built up of two laminations, whose inner- 
most sides have been channeled for lightness. 
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Ailerons 


The ailerons are 12 ft. 2%4 in. long at the trailing edge, 3 ft. 
234 in. wide at the outer end, and 2 ft. 10 in. wide at the inner 
end. They have two horns each, and top and bottom ailerons 
are interconnected by two 3/32 in. eables provided with turn- 
buckles. 


Truss System 


There are nine bays in the entire inter-plane trussing. All 
incidence wire are No. 10 steel-wire, except ini center section, 
where they are 5/32 im. cable. All turnbuckles are at bottom 
of struts and are received directly by socket terminals. Where 
wires and cables cross, a small brass disk is placed between; 
four small holes pierce this disk through which wire lacing sus- 
tains same in place. Two drift wires run from those of nacelle 
to tops and bottoms of first struts out from fuselage. Four 
drift cables run from rear end of these members to tops of 
center and next adjoining struts. 


Flying Position 


When the machine is in true horizontal flying position the 
vertical sides of spars are in true vertical position. A true 
horizontal line bisecting rear spar is just 5.748 in. distant from 
a parallel line bisecting front spar when the lower plane has 
an angle of 6 deg. Incidence is corrected to this measure when 
setting up. 

Fuselage 

The two fuselages are built up of four ash longerons 13/16 
in. x 13/16 in., which are channeled on the vertical sides, be- 
tween strut sockets, from the fifth bay to the tail post. The 
splices, one on the top members and two on the lower ones, 
are of the lapped type, about 12 in. long, glued and secured 
with two countersunk wood screws: the entire joint is securely 
wrapped with 1% in. cloth tape laid on with glue. Engine 
beds are 1 15/16 in. x 4% in. x 9 ft. 10% in. 

The first two vertical struts forward on either side of 
fuselage are 1 3/16 in. round steel tubes; the lateral struts at 
joints where the tube struts join the lower longerons are of ash; 
all other struts are of spruce. Tail post is of steel tube. All 
trussing is of steel wire. In all there are twelve trussed bays 
in bottom and sides, and ten in top of fuselage. The greatest 
depth of fuselage is 30° in. and occurs about 8 ft. 3 in. from 
front of engine beds. 

The streamline turtle back is built up of spruce strips secured 
to walnut arches with small screws. The fuselages are secured 
to the lower wing spars by two U bolts passing over tops of 
bottom lateral struts, down over spars and through steel fish 
plates on under side of spar. The covering from the tail post 
to a point on the fuselage flush with rear spar of main planes 
is of cloth. From this point backward to trailing edge of main 
planes a ¥ in. walnut veneer covers top; from rear spars for- 
ward to front spars aluminum sheets with cooling louvres en- 
close sides. Radiator is mounted just below and in front of 
propeller shaft with special brackets. 


Undercarriage 


The undercarriage consists of two U-shaped laminated wood 
struts which carry eight wheels arranged in twin sets on two 
axles with radius rods. The wheels are rubber-sprung. The 
U-struts, of streamline section, are built up of ash and spruce 
laminations, and are wrapped with heavy linen tape laid on 
with glue and varnished. The axles are 1 15/16 in. dia., 5/32 
in. wall steel tubes, 32 in. long. 


Empennage 


The empennage consists of three balanced rudders, a 
horizontal stabilizer provided with positive incidence-change 
gear, and a one-piece hinged elevator. Rudders are of com- 
posite steel tube and spruce construction; the stabilizer is built 
up of steel tubing and sheet steel ribs, while the elevator is 
entirely constructed of steel tubing. 

The three rudders are held in place by means of steel posts, 
trussed to one another by wires; the two outer rudder posts 
are slipped into the fuselage tail posts, while the central rudder 
post is secured to a socket brazed to the rear spar of the 
horizontal stabilizer. Only the outer rudders have rocker arms. 

The stabilizer is secured to the fuselages by means of steel 
tubes faired with laminated spruce. Two such struts extend 
from the bottom of each tail post outward to the front and 
rear spars of the stabilizer, and two extend inward to the 
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bottom of the front and rear spars. ‘Two like struts extend 
from a point on the central rudder post, about half way y 
rudder, to the points on the front stabilizer spar where the 
struts from the tail post meet. 


Nacelle 


he nacelle is built about two longitudinals of laminated 
spruce with an elaborate rib structure which gives the proper 
stream line contour, and is covered with 5/32 in. threé-ply. It 
is secured to the lower wing spars by four struts set at a 
slight angle outward; four more struts fix the nacelle to the 
upper wing. The overall length of the nacelle is 19 ft. 10 in 
the greatest depth, 5 ft. 6 in. L 

Instruments 


rhree tachometers and one gas pressure gage are located on 
the dashboard. A thermometer for registering the temperature 
of the center engine is at the pilot’s left, and two thermometers 
> - le e¢ n > f 
for the lateral cooling systems are located on the top of the 
reserve tanks. An air speed indicator is mounted at the pilot's 
left. 

Lighting System 


Three 200 C. P. searchlights are located, one on each side of 
the nacelle and one on the nose. The forward light is for 
signalling only, and cannot be used while the two side lights are 
burning. On 2 C. P. light is located on each side of the cockpit 
one on each lower wing tip, and one on each side, but some 
distance from the nacelle, on brackets. A 12-volt, 50-ampere 
storage battery, for operating the lights, is mounted in the 
nacelle at the side of the engine. 


Weight Schedule 


POWER PLANT 


: Pounds 
Motors complete with carburetor and ignition system (3).... 2436 
TE RR peek eee rip ee “360 
Radiator and engine water....... ik Ah Reta ecajide SOT ga Ke -ankld os nies 450 
Fuel tanks empty in fuselages (2 sets).................... 252 
Fuel a care irae dv hte dimen ot cn ane a waa 126 
Oil tanks empty in fuselages (2 sets)................. 60 
en I UI sa wow sas eh also orcne wiahad b'eld KR Wie os 19 
ee ig. arin ate Scsirdial>d dia aa ORD Oc eed 28 
Dee ME «ED GORMD... ew cccccccedcsesccecccecsccces - 60 
ow EU EE 0 ee an ee 150 
ae ms WOO DE ER MOCO... ook 6 nc ckcciacciacconcees< 250 
Cowling (3 Dict tpeeendeehébe dbakehwaeadahad wa wee 180 
DEE, (EE hd d'ctce-d 6's a earn dnd al eetakul ek ae Wee eee 75 
IIS i504 Gi wes hole: trai in OOM Kes ear éraanae wate ees 4446 
FUEL AND OIL 
Fuel (390 gal.) ee ree on ae ep ee oy eee ptanleia 2350 
& * eer ree ee eee ee 350 
NS 65-6 ete ied UO d Remy eh ae 2700 
PASSENGERS AND MISCELLANEOUS 
IY Sa Sn: wy ae chy Himesh w Wee Rh Ria ede ed a ao 553 
SO DRORSENNMES. .o.n cack cd dadeucadeecdaceews aon 50 
RR Pe re es me ne Ae en 603 
ARMAMENT 
Gun mount and turret 
Total pa pissing deol alent al Ain. pedi eo Malarte 78 
; BOMBING EQUIPMENT 
Bombs. 
Total PT Re ee ee Pe ee 1873 
RECONNAISSANCE INSTRUMENTS 
Photographic Instruments. 
| RE ene re en ee or err ree 92 
NACELLE AND FUSELAGES 
PN DOE 5 ssc a onededaneneGeneucen OPA ae ek as egaws 508 
ET SPOS OREO CTT LO PEO EP Ree 50 
TS Fe A AO an pe 288 
i Ci... o's.4 ob oie vikdl mb pe ead eee bean em elieates 74 
TT a in as reiNeis ie RmLa el Gb wet a lancaster ail a aCe 18 
ME kdb decd van dak Re eae eae A ash 938 
TAIL SURFACES WITH BRACING 
aia SE.T OR: Bho occ scetcde 90s the tase dies push tatsians 70 
SS § Se eee eee ee ee 41.5 
DE cn 4 kc check eebeted be Reb OCA OS ease Hebe see te os 
En aere obi Serre ee er 100 
ne Cee Me... gk tdckadabban kakanSeacen manana een 8.5 
MEE > vcadbdse dondbind eels Aha eee Peeeed aed emeee 220.0 
WING STRUCTURE 
Pounds 
Comer wine With Attings. .. 0... icscccceescccccccssocseeee 563 
Lower wing with fittings. ............ceeceeccscreecencees 570 
[nterplane Struts PR eee a Ts 293 
CE CD” on cnc nb bactpandsegeenen tae aknemeeas 101 
a a eS EN pe Pa erry eee sw, Spe 104 
i ike comcast dpe bad rabies en beeeawen 1631 
UNDERCARRIAGE 
Weight of wheels and tires complete...........-+eeeeeeeee 160 
Weight of axle shock absorber, etc. .......-eeeeeeeeeeecees 190 
= 
850 


Total 


| 
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SUMMATION OF WEIGHTS 





Percentage 

Weight of Gross 
we, aie 
DEE, ba cde eS eciaidgcccceewieeesede 4 
pong — ae Sisetndennd se menibintn 2700 20.9 
passenger's and miscellaneous equipment.... 603 4.6 
SS Rehab n> a) oe O'0.0's:00 616. pale 6 age 78 6 
Bombing equipment ......-...- eee see e eens 1873 14.5 
Reconnaissance instruments .............. 92 Bs 
Nacelle and fuselages............-......4. 938 7.3 
Tail surfaces aS ys o- ai'a bed Ake ce 6 220 y & 
Wing StrUctUTE ..... sce cece e cece eee eeees 1631 12.6 
Pndercurriage «1... cece eee cece cere reece 350 2.1 
12931 100.0 


Structural Characteristics 
MAIN DIMENSIONS 


Overall length, 41 ft. 311/16 in. 

Overall height, 14 ft. 8% in. 

Wing section, Kiffel 36 modified. : 

Area of upper wings with ailerons, 692 sq. ft, 
Area of lower wings with ailerons, 692 sq. ft. 
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Total wing area, including ailerons, 1384 sq. ft 
Span, upper wing, 76 ft. 9 5/16 in. 

Chord, upper wing, 9 ft. 1% in. 

Aspect ratio, upper wing, 8.22. 

Span, lower wing, 76 ft. 9 5/16 in. 

Chord, lower wing, 9 ft. 1% in. 

Aspect ratio, lower wing, 8.22. 

Gap, 9 ft. % in. 

Gap/Chord, .962. 

Stagger, none. 

Angle of lower wing chord to propeller axis, 5 deg. 
Height of axis of propeller above ground with: (1) Machine resting 


on ground, 5.25 ft. approximately ; (2) Propeller axis in line of flight, 
6.13 ft. approximately. 


Angle between line from base of wheel to C. G. with a vertical line 


when machine is horizontal. . 


Angle between line joining wheel base and skid to a horizontal line, 


5 deg. 


Stabilizer setting to lower wing chord, zero approximately. 
Aileron area upper wings (2), 40 sq. ft. each, unbalanced. 
Aileron area lower wings (2), 40 sq. ft. each, unbalanced. 
Area of stabilizer, 77.7 sq. ft. 

Area of elevator, 51 sq. ft., unbalanced. 

Area of rudders (3), 17.5 sq. ft. each, balanced. 

Length from tail post to center of gravity, 25 ft. approximately. 


Significance of Oxygen in Balloon Gas 


By Junius David Edwards and Paul G. Ledig 


Bureau of Standards, Washington, D. C. 


In the rapid progress of lighter-than-air eraft, which is 
widely prophesied for the near future, the development of 
fabrics for the envelope which are more nearly impervious to 
gas, should play a prominent part. A perfectly gas-tight fab- 
rie has not yet been realized in practice. The problem of gas 
leakage, though not so pressing in the case of kite balloons, is 
of great importance in the case of airships, where large capac- 
ity and the necessity of insuring continuity of service, make it 
desirable to conserve the filling gas as long as possible. 

There are two phases to this problem; first, the loss of hy- 
drogen by leakage outwards, and second, contamination of the 
gas in the balloon by air passing inward. The loss of hydro- 
gen is not so serious because the hydrogen can be easily re- 
placed. The contamination of the gas in the balloon by air, 
however, is progressive and eventually reaches such a stage 
that the balloon must be deflated and refilled with “ pure gas.” 

Leakage from a balloon may take place in two characteris- 
tie ways. If there are any openings in the balloon, large or 
small, gas will leak out so long as the pressure on the inside 
is higher than that outside. Such openings may oceur around 
valves, fittings, patches, at pin holes, and wherever there are 
stitches which are imperfectly protected with tape. Gases 
also penetrate the rubber coatings of a balloon fabric in the 
absence of even microscopic holes by the process of dissolving 
in the rubber and evaporating, so to speak, from the opposite 
side. This permeability to gases is an intrinsie property of 
rubber and can only be modified, not eliminated, by the method 
of manufacture of the rubber coatings. Because of the solu- 
bility of hydrogen in rubber, the best of the modern airship 
fabries seldom have a permeability of less than 8 liters per 
square meter per 24 hours (measured at 25 deg. Cent.). 

The permeability of a rubber film to any gas is about pro- 
portional to the difference in partial pressures of that gas on 
the two sides of the rubber film. When the envelope of a 
balloon is freshly inflated the partial pressure of air inside 
the balloon is only 1 or 2 per cent, as against 100 per cent 
outside, and consequently the air penetrates into the balloon 
at a rate which is practically independent of the excess pres- 
sure existing inside the envelope. The rate at which it pene- 
trates will of course decrease as the amount of air inside in- 
ereases, because the difference in partial pressures decreases 
correspondingly. It should be noted that the relative rates of 
penetration of rubber by hydrogen and air are not the same, 
but have a ratio of approximately 4 to 1; that is, when the 
envelope contains approximately pure hydrogen, one volume 
of air passes through the fabric into the balloon for each four 
Volumes of hydrogen leaking out. 

The “air” that passes into the balloon differs in composi- 
tion, however, from normal air. This is due to the fact that 
rubber is about twice as permeable to oxygen as to nitrogen. 
Thomas Graham,* for example, found that oxygen penetrated 
rubber about 2.5 times as fast as nitrogen does. As a conse- 
quence the “air” becomes richer in oxygen after diffusion 


* Phil. Mag., 32, p, 401; 1866. 








through rubber; Graham found in some experiments that there 
was as much as 41.6 per cent oxygen in air which had diffused 
through rubber. 


We have examined this point, using for the purpose a bag 


made from two-ply envelope fabric of a construction in com- 
mon use. 
drogen, 0.4 per cent nitrogen, 0.1 per cent oxygen), and the 
gas analyzed at regular intervals thereafter. 
that after making corrections for the normal air originally 
present in the hydrogen (see above analysis), the “ air” which 
penetrated the fabric contained a maximum of 41 per cent 
oxygen. 
librium would be reached eventually when the gas inside the 
balloon had the same composition and partial pressure as the 
air outside. 
that the gas other than hydrogen present in a balloon may con- 
tain a maximum of about 40 per cent oxygen. 
‘ase a lower percentage may be found, depending upon the 
amount of normal air present in the original gas and the 
amount of “air” which has since diffused in. 


This was inflated with hydrogen (99.5 per cent hy- 


It was found 


The percentage of oxygen decreased gradually; equi- 


These experiments as well as others have shown 


In any given 


Aside from presenting an interesting phenomenon the fore- 


going facts have a very important bearing on the determina- 
tion of the purity of balloon gas. 
used in such testing is to determine the oxygen content of the 
gas by means of absorption with potassium pyrogallate in an 
Orsatt or similar gas analysis apparatus. 
purity it is assumed that nitrogen is present with the oxygen 
in the proportions in which it occurs in air and that the resi- 
due is hydrogen. 
sult because the fundamental assumption regarding the oxy- 
gen-nitrogen ratio is incorrect. 


One method which has been 
In ealeulating the 
This method can never give the correct re- 


The specific gravity of hydrogen is a very delicate criterion 


of its purity, and is also a direct measure of its lifting power. 
Furthermore, the caleulation of the purity of the hydrogen 
from its specific gravity is but little affected by changes in the 
oxygen-nitrogen ratio, because of the small difference in dens- 
ity of these two gases. 
tain envelope had a specific gravity (dry) of 0.1628, its 
purity (percentage of hydrogen) would be 90 per cent, assum- 
ing the gas to be a misture of hydrogen and air. 
mixture of hydrogen with a residue containing 40 per cent 
oxygen and 60 per cent nitrogen, as would be more likely, its 
purity would be 90.2 per cent. 
significant for most purposes. 


For example, if the gas from a c¢er- 
If it were a 


This difference would not be 


It is obvious that the purity caleulated in the usual way from 


the oxygen determination will be too low. This is strikingly 
illustrated by several examples taken from actual practice in 
the field. 
manner already indicated and the specific gravity was deter- 
mined with a specific gravity apparatus of the effusion type, 
as designed by the Bureau of Standards especially for test- 
ing balloon gas. 
tention the gas from an airship envelope contained 2.2 per cent 
oxygen and had a specifie gravity (dry) of 0.1206. Its purity, 
as given by the two methods, was 89 and 94.5 per cent, respec- 


The oxygen was determined by absorption in the 


In one ease which was brought to our at- 
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tively. Accepting the latter figure as substantially correct, a 
simple calculation shows that the “air” in the envelope con- 
tained 40 per cent oxygen. 

In another case the purity caleulated from the oxygen de- 
termination was 80 per cent, and the specific gravity showed the 


presence of 86 per cent hydrogen. These figures indicate an 
oxygen content of 30.0 per cent in the “air” in the balloon. 
It is clear, therefore, that the determination of the oxygen 
content alone will not suffice for calculating the purity of the 
hydrogen. The specific gravity gives more reliable data for 
this purpose. The determination of oxygen may be useful, 
however, from another standpoint. It would be unsafe to 
handle a balloon filled with an explosive mixture even if the 
gas still had a useful lift. Because of the increase in the oxy- 
gen content, the explosive limits of the mixture are reached 
sooner than if the hydrogen were contaminated with normal 
air. 

The data given in the literature dealing with the explosive 
limits of hydrogen and air and hydrogen and oxygen are some- 
what contradictory and confusing. This is in part due to the 
fact that the explosive limit may vary with the existing con- 
ditions such as temperature of gas and point of ignition. The 
explosive limits of a gas are usually defined as the minimum 
and maximum percentages of the combustible gas with air or 
with oxygen which will propagate a flame indefinitely in any 
direction from any point of ignition. Because of the convec- 
tion of heat upwards, a flame will be propagated more easily 
from the bottom of a balloon upwards than from the top down. 
The upper limit of hydrogen with air is variously given as 65 
to 75 per cent; the upper limit of hydrogen with oxygen is 
given as approximately 95 per cent. Looking at the question 
from another angle, the explosive limit of oxygen in hydrogen 
is about 5 per cent; for the present purpose this limit can be 
considered to be not greatly changed by the probable varia- 
tion of the amount of nitrogen present. 

If a mixture of 80 per cent hydrogen and 20 per cent normal 
air is safe to handle, a mixture in a balloon where the “ air” 
contained 35 per cent oxygen would be on the border line of 
safety when the purity of the hydrogen sank to 85 per cent, be- 
cause it would then contain 5 per cent oxygen. Where it is 
the practice to discard the hydrogen when its purity has 
reached 85 per cent, it should be appreciated that the gas is 
potentially an explosive mixture and the utmost caution should 
be used in its handling. 


Flexible Tubing 


All commercial flexible tubing is rolled from strip metal, and 
turned over in passing through dies so as to make an interlock- 
ing joint. 

The flexibility in ordinary full or semi-interlocked tubing is 
obtained from the sliding action of the joint parts, one on the 
other, within the joint, the coil remaining rigid. 

The flexing in Titeflex tubing, as distinguished from that in 
interlocked tubing, takes place within annular diaphragms 
which are substantially at right angles to the axis of the tube 
and formed by the sides of U-shaped convolutions. The inter- 
locking portions comprising the seam are compressed under 
heavy pressure to make a continuous, tight cold-welded 
structure. The flexibility is thus entirely within the metal and 
the seam is primarily self-tight. 

The joints or seams of interlocked tubing are not inherently 
tight and to meet pressure conditions must be packed with a 
soft chord of asbestos, cotton, or rubber composition. This 
packing is the sole reliance for tightness, but it rapidly dis- 
integrates under the action of gasoline with the result that it 
contaminates the fuel and eventually stops its flow. Where an 
outside casing is used, this soon becomes permeated by the 
fuel and involves beyond the loss of fluid also fire risk. 

The superiority of Titeflex tubing over either construction 
and over wire-wound rubber hose consists in that it is per- 
manently self-tight, free from internal rubbing action, and 
devoid of organic material that may become detached and 
contaminate the fuel. It bends freely and instead of retaining 
a set tends of its own accord to return to normal position when 
released. This springiness absorbs the vibrations unavoidable 
with some installations, like those of aircraft engines, and 
eontitutes thus a valuable feature. 

Titeflex tubing remains unaffected by low temperatures which 
would render any usable form of packing brittle; tests have 
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shown that the contents of a Titeflex tube may freeze into solid 
without bursting the metal. In another test a 1 5/16 in. brass 
Titeflex tube was put under 120 |b. air pressure, sealed at both 
ends and permanently connected to a pressure gage, At " 
temperature of 70 deg. no change in the pressure reading of the 
gage could be detected during the period of the test, which 
lasted one year. Its resistance to crushing was demonstrated 
on a 10-in. length of 4 in. tubing which was used as a roller 
between two iron plates, the upper one of which was loaded 
with 2,050 lb. of steel, without any permanent distortion re- 
sulting therefrom. 

An important feature of Titeflex is that, should it be ag. 
aoeneny crushed, it can readily be repaired by soldering or 
yraZing. 


Load Distribution and Stagger 
By Clarence D. Hanscom 


The accompanying chart is derived from Eiffel’s experiments 
with wing section No. 35 as used on the Dorand biplane. The 
tests were carried out using a gap-chord ratio of .87 and a 
stagger of 0 per cent and of 39 per cent of the chord. Taking 
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the orthogonal biplane gross load distribution as a unit base 
for each angle, the increase in the ratio due to stagger was cal 
culated in the form of a second ratio having a denominator of 
1. This second fraction is the one plotted on the chart. 
The curve was prepared with the idea that it would serve to 
indieate, in a very rough way, what effect a fairly large stag- 
ger might be expected to have on the load distribution ratio 
of other biplane arrangements. In application, the relation of 
the gross load on the upper wing to that on the lower is first 
found for the orthogonal eell at the given angle (e.g., 11/93 
a common figure). This fraction is then multiplied by the 
value on the curve corresponding to the given angle. The 
product of these ratios indieates roughly what distributio 
might be expected between the upper and lower planes. | 
The accuracy of this method is obviously open to questiol. 
lurther tests will be necessary to show what percentage © 
error is involved in applying this special case generally. Fiat 








tening the lower eamber should decrease the value of the ratio. 
Allowance should be made for any increase of gap from that 
of the tests, since the interference would decrease rapidly. The 
effect of a change of stagger would also have to be estimat 
It seems probable, however, that if used with care the eurvé 
will not cause errors greater than those in other frequent! 
used formulae and charts. 
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Course in Aerodynamics and Airplane Design 


Part I[].—Experimental Aeronautical Engineering 


By Alexander Klemin 


Technical Editor, Aviation and Aeronautical Engineering; Consulting Engineer, Aerial Mail 
Service; Consulting Aeronautical Engineer 


Section 2. Testing of Control Surfaces 


Copyright, 1919, by Alexander Klemin. 


Discussion of Theoretical Principles——The testing of con- 
trol surfaces is an easy matter from the point of view of the 
physical testing, but it is an extremely difficult one from the 
point of view of determining what loads the surfaces should 
actually be capable of withstanding. 
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Fie. 2 

In dealing with the horizontal tail surfaces, it is customary 
to consider that the maximum load on the elevator will be de- 
termined by the pilot’s strength. This may, however, be quite 
unfair in the case of a small machine, where the tail surface 
load at maximum speed and maximum Ky will never be equal 
to the pilot’s strength. 

Sometimes a reverse procedure is taken, and tail loads com- 
puted from considerations of maximum speed and maximum 
Ky. This may be unfair to the large ship where the pilot’s 
strength is quite inadequate to produce the necessary displace- 
ment of the elevators. 

The subject thus bristles with difficulties. 

_ Probably the most pertinent aerodynamical data on the test- 
ing of control surfaces is that obtained at the Massachusetts 


Institute of Technology under the direction of the Research 
Department at MeCook Field. Tests were conducted on the 
Curtiss JN-2, with the stabilizer set at —2 degrees to the 
wings, with the elevator set at 0 degrees, 10 degrees up and 20 
degrees up to the stabilizer, and at five angles of incidence for 
the wings, —4 degrees, 0 degrees, 4 degrees, 8 degrees and 14 
degrees for each elevator position. The results of these ex- 
periments are summarized in the curves shown in Figs. 1, 2 
and 3. 
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From these curves a number of very valuable conclusions 
can be drawn. 

(a) The current method of loading the elevator so that 
the load varies from zero at the trailing edge to a maximum 
at the leading edge is seen to be perfectly justified. 

(b) The pressure distribution on the stabilizer is by no 
means uniform, and there is a definite region of maximum 
pressure at about 4 of the chord from the leading edge, and 
in sand-testing an allowance should be made for this. 

(c) For small displacements of the elevator relative to the 
stabilizer, the mean loading on the elevator would appear to 
be much smaller than the mean loading on the stabilizer. For 
the larger displacement of the elevators, 20 degrees, as in Fig. 
2, the maximum loading at the leading edge of elevator is much 
larger than the mean loading on the stabilizer, and the mean 
loading over the elevator is about equal to the mean loading 
over the stabilizer. 



























It would seem from this as if there should be a differentia- 
tion between the methods employed in sand loading the tail 
surfaces of a small machine and in loading the tail surfaces 
of a large machine. For the small machine it will be possible 
to turn up the elevators to a much higher angle, and impose on 
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Fig. 5 


them a mean load greater than that on the stabilizer. While on 
the large machine the pilot will not need, or be able, to dis 
place the elevators to as high an angle, with the result that 
the mean loading on the stabilizer should be higher than that 
on the elevator. 

With the little experimental data available, however, the 
question remains one of judgment alone. The following 
method is set down in tentative fashion: 

(1) Assume a maximum pull of 150 lb. on the control 
stick (this is a value justified by experiment). 
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from a maximum at the leading edge to zero at the trailin 
edge, so that the center of pressure is at 43 of the chord, find 
the mean loading per square foot on the elevator which the 
pilot could exercise. 
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(4) Check this up against the diving speed of the machine 
on a dive at 50 degrees and the maximum lift coefficient. If 
the computed lift coefficient is reasonable, assume that this 
mean loading holds, and also if the lift coefficient indicates that 
the elevator is turned up to a big angle, assume that the mean 















Fig. 8. 


(2) From leverages of the control system, ealeulate the 
maximum moment which will be exercised about the elevator 
hinge, and 

. (3) From this maximum moment about the elevator hinge, 
and assuming the loading on the elevator to vary uniformly 





ARRANGEMENT OF SuPPorTS DurinG Tests or HorizontaL TAIL SuRFACES 


loading on the stabilizer is equal to the mean loading on the 


elevator. 


(5) For a very small machine, it might turn out that the 
pilot’s strength would be far in excess of any resisting effort 
the surfaces could oppose. In such a ease it is necessary 1 
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find the diving speed at 50 degrees of the machine, assume a 
maximum lift coefficient of about .003 (in lb./sq. ft. per m. 
p. h.) and design or test the tail surfaces from this point of 
view. 

(6) For a very large machine, it might be that the pilot’s 
effort would, even with balanced surfaces, give a low loading 
on the tail surfaces. In such a ease, the elevator is turned up 
only to a small angle relative to the stabilizer, and the load- 








Fig. 9. 


METHOD OF SuPPORTING FoR RuppER AND Fin TEs? 


ing on the stabilizer should be greater than the mean load- 
ing on the elevator. 

The curves shown in Figs. 3, 4 and 5, give a valuable idea 
of the actual magnitude of the pressure coefficients for a com- 
bination such as the JN-2, which is fairly typical. 

Current Practice in Sand Loading for Tail Surfaces. 


At the 
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Royal Aircraft Factory, England, the load on both stabilizer 
and elevator is taken as 20 lb. per sq. ft. distributed uniformly 
over both surfaces, where the total area of horizontal tail sur- 
faces does not exceed 50 sq. ft. Beyond this point the load per 
square foot is taken as diminishing somewhat. In the United 
States Army Air Service the mean loading over stabilizer and 
elevator is equal, but the loading on the elevator varies from 
zero at the trailing edge to a maximum at the leading edge, 
as shown in Fig. 7. 

The loading at the leading edge of the elevator is thus twice 
the uniform loading on the stabilizer. 

In the vertical tail surfaces, the Royal Aircraft Factory uses 
on the rudder 15 lb./sq. ft. mean load with center of pressure 
le of the chord from the leading edge. For the fin of the 
R. A. F. eriterion is 10 lb./sq. ft. distributed uniformly on 24 
of the rudder loading. In American practice the mean loading 
per square foot is the same for both rudder and fin, but the 
loading on the rudder, just as for the elevator, is graded from 
zero at the trailing edge to a maximum at the forward edge. 
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In view of the uncertainty of our aerodynamic knowledge, 
it would seem as if the practice adopted in the American army 
were reasonably satisfactory and, if used consistently, would 
furnish at least a basis of comparison. 

Ailerons are rarely tested, their construction as a rule be- 
ing far stronger than any loads imposed on them in flight. Ex- 
periments in two or three wind tunnels indicate conclusively 
that for ailerons the wind pressure varies uniformly from 
zero at the trailing edge to a maximum at the leading edge, 
with center of pressure at 4 of the chord from the leading 
edge. If an aileron is to be tested, therefore, there should be no 
hesitation in employing this form of loading. 

Actual Procedure in Testing.—The photograph of Fig. 8 in- 
dicates clearly the way in which the horizontal tail surfaces are 
set up for test. The body is placed in a normal horizontal 
position, is earefully supported on horses, to avoid strain— 
since the same body may itself be used for testing—and is 
tied down at the front end by cables to bolts in the floor. 
When testing the horizontal tail surfaces it is not necessary to 
attach the rudder, but otherwise the rigging should be as eare- 
ful as if assembling for a flight. Since the elevators deflect 
considerably under load, it is essential to turn them up a few 
degrees at the beginning of the test as shown in photographs. 
Just as in testing wing surfaces, supports have to be provided 
for against the possibility of a complete break-down, and 
these are clearly shown in the photograph. Jacks are em- 
ployed in supporting the elevators in a similar manner, as on 
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tions are to be taken. 


where deflection measurements are taken. 


While testing the elevators and stabilizer, it is also possible 
to test the entire control system, by connecting up the elevator 
loads to the joy stick itself, and fixing the joy stick in posi- 


tion. It is sometimes thought 


advisable to connect the joy D_-_____ 
stick to a spring balance so ° ~C 
as to measure the actual ef- E Rudder 
fort exercised by the pilot A ame aad 
for a given load on the . 2.0 sq.ft. 
elevator. Fin +B 
In the photograph of Fig. Fs sq.ft. / 
9 is shown a set-up of the pata 
vertical tail surfaces. In 3 
this ease the elevators are A 
generally removed, but the 
stabilizer remains in posi- Fic. 11 
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Yard-sticks are employed at the points 
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AVIATION 


tion, since the vertical fin has to be braced to this. 
the body is placed on one side, and since the loads on the fin 
and rudder are not symmetrical relative to the body it hag to 
be suitably supported to prevent twisting. 
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In this cage 


In the test illus- 


trated in Fig. 9 this was done by placing a post at one side, 
and tying down on the other side. 
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ELEVATORS AND STABILIZERS AFTER FAILURE 


In conducting the test it saves time and trouble (a) to have 
a load chart ready before the test, (b) to divide the surfaces 
suitably by strings stretched across them, (c) by piling the 


sand in some regular fashion on the ground. 
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jetions of the elevators or stabilizer, it is very important to 
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in the attachment of elevator masts and rudder masts, and that 





a ave no give to the fuselage itself, and to support it by an end the main structure of both moving and fixed surfaces are al- 
8 to t. Also it is necessary to bring back the joy stick to its most always strong enough. Figs. 12, 13 and 14 illustrate a 
llus- giginal position, which can be easily done by tightening up series of representative failures. , 
side mthe ropes holding the spring balance. Slack in the control Fig. 12 represents a set of horizontal tail surfaces from a 
ads ean be taken up by turnbuckles. These and other minor two-seater fighter of a gross weight of 3550 lb. and a horse- 
| PPULRE a 
» CORI SS ses 
; LLE ATOR 5 
AOD « 32 5 27, 
ave 
ces 
the 
de- Fic. 13. Faure or an ELEvator at 32.5 La./Sq. Fr. 
E adjustments require some e perience in the engineer conduct- power of 400. The entire structure is in good shape, and 
a ing the tests. there is just the local failure (occurring at 20 lb./sq. ft.) on 
It should be noted that in testing the stabilizer and elevator the main rib to which the elevator mast is attached, due to 
il it is eustomary to load in the following increments: 5 lb./sq. the fact that the mast is attached on the side of the rib, pro- 
af. ft.; 5 Ib./sq. ft.; 2% lb./sq. ft.; 2% lb./sq. ft. until failure dueing combined twisting and bending, with a consequent 














Fic. 14. Riagur Hanp Exevator Mast Arter FAILURE 


of the elevators takes place. The test on the stabilizer is then 
continued with increments of load of 10 lb./sq. ft. Similar 
loadings are made for rudder and fin. 

In Figs. 10 and 11 are shown some typical deflection values 
for a test of horizontal and vertical tail surfaces. 

Results of Tests on Surfaces of Machines in Current Prac- 
tice—Since our requirements for the strength of tail surfaces 
are on a somewhat unsatisfactory basis, it is most interesting 
to tabulate results of tests for a number of airplanes, whose 
characteristics are given without specifie reference to their 
makers in Table ITI. . 
Some Interesting Failures —From the testing of a wide 
range of tail surfaces, the author is led to believe that many 
failures occur in the control system itself, many more occur 





splitting of the rib. Such an error in detail vitiates the whole 
design. 

Fig. 13 shows an elevator described in column (6) of Table 
III. 32.5 lb./sq. ft. the failing load is amply strong, but again 
while the main structure of the elevator remains sound, the 
fact that the brace wire was carried to the secondary spar at 
some distance from the main rib weakened the design. 

In Fig. 14 is shown a failure for the large reconnaissance 
machine of Column 10 in the table. The control cable, the 
mast and the main rib were not in line, with the result that 
the mast failed in lateral bending at the low figure of 17.5 
lb./sq. ft. 

These are but a few of the examples of error in detail spoil- 
ing an otherwise perfectly good design. 


Book Review 


THE Properties OF AEROFOILS AND AERODYNAMIC Bopigs. By 
Arthur W. Judge, A. R. C. Se. (J. Selwyn & Co., Ltd., 
London and New York. 149 figs.) 

Mr. Judge’s book is frankly a compilation of aerodynamic 
data from the reports of the British National Physical Labora- 
tory, Eiffel’s Laboratory and other wind tunnels. Neverthe- 
less, it is illuminated by a scientific presentation of underlying 
theory, and is carefully and systematically arranged. Pub- 
lished in 1917, it does not, of course, contain the results of 
recent experimental work, but certainly covers all pre-war ma- 
terial. Eiffel’s data for the flat plate are fully summarized. 
A very fair selection of aerofoils is given, together with the 
study of the effects of varying camber, varying position of 
maximum ordinates, ete. Biplane combinations are somewhat 
briefly considered. The resistance of aerodynamical bodies in- 
eludes airship hull shapes, cylinders, spheres, cones, airplane 
bodies, struts, ete. The analysis of the resistance of a mono- 
plane is a useful reprint. Tables for over fifty aerofoils are 
appended. 




































The Bellanea C. E. two-seater biplane, with a 55 hp. Anzani 
engine, has been designed to meet the requirements of quick 
get-away, fast climb, and very high speed, and—at the same 
time—a very low landing speed, such as insures the greatest 
degree of safety. Consistent with these qualities, the design 
and construction embrace light weight and economic upkeep to 
the mest satisfactory degree. An acceptable feature lies in the 
rapidity and ease with which the machine ean be dissembled 
and re-assembled. 

General Description.—Best selected white ash is used for 
the principal parts of wings, body, undercarriage, ete. 

Brazing and welding have been eliminated wherever pos- 


The Bellanca C. E. Biplane 





Maximum speed 
Minimum speed 


99 m.p.h, 
I ss e. 38 m.p.h. 
Minimum horse-power required for horizontal flight. 11 


rr ee rn er i... eek hdeehees eee ees < 
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Useful load, pilot and one hour of fuel............ 185 Ib. 
Maximum speet nb eh Ka'd e haredakie ba ee cea ees 102 m.p.h. 
Minimum speed Pee ee ee ey ree oe bie ee 32 m.p.h, 
Minimum horse-power required for horizontal flight. 7 


Rate of climb, first minute....... 
Climb in 10 minutes 
Climb in 12 minutes 
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Tue 35 Hp. BetLANcA BIPpLANE, WHICH IS StmILAR TO Mopet CE, Excerpt ror WarPING WINGS 


The assembling facility is such 
4() min- 


rons and other vital members. 
that in 30 minutes it can be dismantled and in about 
utes it can be re-assembled ready to fly. 

Safety Factor—The factor of safety of lift stresses on the 
beams of upper and lower wings is 12, and the factor of drift 
stresses is 14. In the body the safety factor is 12, which is 
also the safety factor of the weakest point of the whole ma- 
chine. 

GENERAL SPECIFICATIONS 


PE, WO MORRO. 66 ic ccc cicscccndcceees _— . Bt 
PD, chacde a sisasicceseiesncse , 21 ft. 5 in 
NS od da aos be bed ewdiaedoedee watt $ ft. 6 in 
Rp | ee ee eee ee eee ee eee 2 ft. 9 in. 
Pt ME e¢¢sddoncecee cee 184 sq. ft. 
Length overall .......... pias bil edih aie at erate 18 ft. 6 in. 
Weight, machine empty................ 470 1b. 
nt oc Sein teens De these hbase sees 6 04 510 Ib 
PERFORMANCES WITH USEFUL LOAD OF 250 LB 

Useful load of 250 Ib.: 

EE Perret eo ee ee ee 150 Ib. 

SS "ree 100 Ib 
ESSER re ee cae 101 m.p.h. 
CE << ved iendeeaeedanvectonesticceses 54 m.p.h. 


Rate of climb, first minute, ft. per min......... 1,020 


PERFORMANCES WITH FULL USEFUL LOAD OF 500 LB 
Full load of 510 Ib.: 
2 passengers ........... sMebneneesece 300 Ib. 
Fuel for about 3 hr. flight at full power or about 4 
hr, throttling the motor to 40 hp....... ii 110 Ib 
Other load which can be sufficient for nearly as 
much fuel as above, or other load........ 100 Ib 
on. ccc ba Gc 60 6b-6 6 60 6600.04.46 ; 97 m.p.h. 
EE eee eee ee $1 m.p.h. 
Minimum horse-power required for horizontal flight 14 
EN ON | eee eee ‘ 600 ft. per min 


PERFORMANCES WITH USEFUL LOAD. OF 400 LB. 


Useful load of 400 Ib.: 


a. aie inw de dee he 66s BS OM AM 300 Ib. 
i cee a 8 6 cle teadwu seen s 100 Ib 
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AND A SMALLER ENGINE 


Main Planes.—The dynamical stability of the planes is 
almost the same as the Eiffel 32. 

Struts between planes are of streamline 
section and of constant depth for two-thirds their length. Ends 
taper to the strut fittings. 

Controls. 
stick control. 
foot bar. 

Lateral control is obtained by ailerons and their effect is 
immediate in answering to the slight movement of the stick. 

Body.—The body is of exceptionally good streamline form. 
Its wooden frame is of box-girder construction, braced by 
cables from the pilot’s cockpit forward and with wire from the 
same cockpit rearward. The nose is covered with aluminum, 
a round door in one side giving access to the engine. The re- 
mainder is covered with linen, doped and varnished. The front 
deck is of veneer, linen covered. 


Spars are of ash. 


Lateral and longitudinal balance is operated by 
The rudder is balanced; it is operated by the 


Undercarriage.—This is of the ordinary V type, each V con- 
sisting of two ash laminated streamline struts, joined together 
by steel aluminum plates. Rubber shock absorbers seeure the 
axle to the struts. 

Tail Group—The empennage is composed of a non-lifting 
horizontal stabilizer, to which the elevator flaps are fastened. 
The attachment of the stabilizer is such that it is easily de- 
tached by removing four cotter pins. -The rudder is of oval 
shape and is of sufficient area to insure complete control m 
handling the machine on the ground. 

Engine Group.—An air-cooled 6-eyl. Anzani 6-C type, 55 
hp. is used. Its weight is 154 lb. Propeller is 7 ft. in diam- 
eter. The engine is so attached as to form, with the rest of the 
body, a perfect streamline form with low head resistance. 

Only part of the cylinders are exposed, which are effectually 
cooled by the speed of the machine when in flight. 
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The Direct-Lift Machine 





By Sidney Camm 


Much of the scepticism and ridicule with which any mention 
of the helicopter is too often treated is undoubtedly due to the 
lack of knowledge existing with regard to what has been ac- 
complished by experiment with full-sized vertical lift machines, 
the results in many cases proving that it is not only a theoretic, 
but a practical certainty. Unfortunately, the utility of the 
type is apparently confined to one attribute, and it seems that, 
in the attainment of this, other just as vital factors are to be 
sacrificed, and, moreover, the possibility of the achievement 
does not necessarily prove its desirability. However, before 
considering the relative. advantages of the airplane and the 
helicopter, some indication of what actually has been accom- 
plished, as distinet from probabilities inspired mainly by hope, 
will show the extent to which experiments have been carried, 
and the really remarkable results obtained. Of the total num- 
ber of patents registered concerning aeronautics, an enormous 
percentage relate to the helicopter in one form or another, and 
it is also noticeable that long before flight with the airplane as- 
sumed even the semblance of possibility, a great deal of 
thought had been expended on the helicopter as the form of 
machine with which successful flight would eventually be aec- 
complished. 


Early Experiments 


Probably the earliest known form of helicopter is to be 
found in the model of feathers and twisted thread made by 
two Frenchmen in the latter part of the seventeenth century, a 
similar model being made by Sir George Cayley in England in 
1796. 

Much later, in 1907, the first instance of successful flight 
with a helicopter carrying its own power occurred, and it is 
also extant as the first reliable experiment. The designer, a 
Frenchman named Cornu, had previously, in 1906, carried out 
extensive experiments with a power-driven model, and had ob- 
tained some encouraging results. Two lifting screws over 7 ft. 
in diameter were placed side by side, and driven by a 2-hp. 
Buchet motor, lightened up to weigh only 15 lb., the trans- 
mission being by a single belt over jockey pulleys, the rest of 
the structure being of steel tubing, the complete model weigh- 
ing 28 lb. With the motor not developing full power a thrust 
of over 30 lb. was obtained, the model lifting easily, and, 
moreover, describing a cireular flight. An interesting point 
about the Cornu helicopter was the attempt made to obtain 
translational movement, as well as direct lift from the screws. 

This was achieved by two planes attached to the main frame- 
work, so that the angle of incidence could be adjusted. The 
reaction of the slip stream of the air-secrew acting upon these 
planes gave the horizontal movement. In the full-sized ma- 
chine the motor used was a 24-hp. Antoinette, the lifting 
screws being of the two-bladed variety and over 19 ft. in 
diameter, built of steel tubing and covered with rubber-proofed 
silk. In the trials with this machine an almost insuperable 
difficulty was encountered in the constant slipping of the 
leather belt forming the transmission. 


Further Developments 


Various alterations were effected, and during a trial towards 
the end of 1907 the machine with M. Cornu aboard lifted clear 
of ground and remained so several minutes, the height being 
regulated by cords. The total weight lifted on this oceasion 
was 572 lb., and it is estimated that the maximum power de- 
veloped by the engine did not exceed 14 hp. Owing to lack of 
financial support, a reason too often the cause of the aban- 
donment of a promising design, the experiments, which had 
been developed to the construction of a combination of air- 
plane and helicopter, were discontinued. 

The combination of helicopter and airplane, which appar- 
ently possesses greater chances of success, has attracted vari- 
ous enthusiasts, some notable results being obtained by the 
Frenchmen Bréguet and Richet. They are both better known 
to the aviation world as the originator and pilot of practically 
the first all-steel airplane. The Bréguet gyroplane, as that com- 
bination of helicopter-airplane is sometimes described, took the 





* Courtesy of Flying (London). 
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form of a biplane of approximately 540 sq. ft. of surface. The 
lifting screws were placed at the wing extremities, between the 
upper and lower planes, the shafts being inclined forward to 
obtain some measure of horizontal motion. Each screw was 
actually composed of two four-bladed screws, one being 
mounted directly over the other, the diameters being 26 ft. 
The motive power was derived from an Antoinette of some 
45 hp., the machine weighing, complete with pilot, over 1250 
lb. Under test, the machine lifted several times, on one oc- 
eassion traveling some distance. However, realizing probably 
that suecessful flight was uncertain of accomplishment, Bréguet 
suspended his experiments with the gyroplane, and embarked 
on the airplane type of machine. 
The Davidson Experiment 

Another direct-lift machine, which never, at least in this 
country, reached the practical testing stage, was the Davidson 
gyropter. The experiments from which the machine built in 
England was designed were carried out in America, very en- 
couraging reports being received, although these were not def- 
initely authenticated. The machine built in England was of 
colossal dimensions, but, unfortunately, owing to lack of funds, 
it never reached the stage of completion. 

At the 1913 Aero Show at Olympia was exhibited an en- 
tirely original conception of the vertical lift type of machine, 
this being the Porter “ gyropachute.” In this case a 50 hp. 
Gnome mounted horizontally drove a multi-bladed screw, or 
paddle-wheel. Around this, upon a framework of steel tube, 
was arranged a bell-shaped fabric-covered structure, with a 
circular opening at the top. 

It was intended that the volume of air displaced radially by 
the rotation of the paddle-wheel would be deflected downwards 
by the bell-shaped arrangement, the consequent reaction pro- 
viding the vertical lift. Horizontal motion was to have been 
obtained by the alteration in angle of a fabric extension of the 
bell-shaped body, controlled from the pilot’s seat, the latter 
item being suspended from the engine mounting. It is inter- 
esting to note that, in this case, an exigency not always allowed 
for in the general design of helicopter—engine failure—was 
provided for by the parachute action of the body. In addition 
to the eases referred to, there are innumerable instances on 
record of the production of helicopters, some purely so, others 
a combination of fixed plane and vertical lifting screw, but in 
almost every case the experiments were abandoned for want of 
financial support. 

Financial Difficulties 

Many will remember that the development of the airplane 
in this country was seriously hampered by a similar deficiency. 
The direct-lift enthusiasts are unanimous in ascribing the ab- 
sence of convineing results to this lack of support, but it is 
conceivable that had this been forthcoming the impracticability 
of the helicopter, which is now largely a matter of opinion, 
would have been convincingly demonstrated. 

A considerable number of experiments with propellers act- 
ing as lift serews have been made, with relatively encouraging 
results. 

In one ease, with barely 9 hp. applied at the propeller shaft, 
and a screw of 15 ft. diameter, the lift obtained was 27 lb. per 
hp. Unfortunately, when it is desired to increase the size of 
screw and machine to that necessary for practical flying, the 
experimentalist encounters precisely the same trouble as that 
affecting the development of the airplane, known generally as 
the two-thirds power law. This implies that, if we wish to 
obtain twice the thrust from a given screw, the horsepower ap- 
plied would have to be cubed, or, conversely, twice the horse- 
power applied to a given screw will only produce approxi- 
mately 1.6 times the initial thrust. A proper appreciation of 
this fundamental point would undoubtedly have deterred many 
of the experiments made. 

The Advantages of Vertical Lift 

The essential advantage of the vertical life machine is ils 

ability to rise from any sort of ground or confined space, an 


attribute which the modern airplane certainly does not possess. 
It would also attain the desired height by a vertieal flight 











334 AVIATION 


apwards, instead of the circling flight in a gradient determined 
by the amount of surplus power over that necessary for hori- 
zontal flight with the airplane. The characteristic of direct 
ascent is of supreme importance from a military aspect, for 
then it would be possible to keep an enemy in sight whilst ris- 
ing to attack; bomb-dropping might be carried out with 
greater precision, owing to the machine’s capacity to hover, 
and this latter item would also render observation more re- 
liable. 
Possibilities of Combination Machines 

Assuming the production of a revolutionary motive power, 
or the reduction in weight of the present type of motor, to 
limits at present impossible of achievement, one cannot deny 
that there are possibilities in a combination of helicopter and 
fixed plane machine. At the same time the chances of the heli- 
copter superseding the airplane as the type of the future would 
not be improved, simply because the production of an ex- 


Trend of German 


Enemy airplanes which have been captured intact or recon- 
structed have, under test, generally shown themselves poor in 
performance, judged by British standards, especially in point 
of speed at heights; but it would seem that as a rule they are 
fairly good in point of climb, and notably good in regard to 
maneuverability. 

Wing Sections 

In general they do not differ very markedly from British 
wing sections, though there is a distinct tendency towards 
rather greater camber. It is thought probable that this prin- 
ciple has been adopted so as to yield better results at high 
altitudes when the angle of incidence would necessarily be 
somewhat big. 

Practically all German airplanes have a pronounced wash- 
out at the top of the trailing edge. In the most recent example 
of Halberstadt design, namely, the C4 type, the lower wings 
are given a heavy wash-out at their junction with the bottom 
of the body, the idea being to minimize the surface of discon- 
tinuity which would otherwise exist between the bottom sur- 
face of the body and the wing roots. Thus the front spar is 
straight, but the rear edge is markedly concave. This effect 
exists to such an extent that the trailing spar is considerably 
bent as well as twisted. 

The Fokker wing section is in a class by itself, not only on 
account of its great depth, but also in having only a very 
slight camber on the bottom surface. The performance of this 
machine is, however, by no means despicable, and it is gener 
ally conceded to be a redoubtable opponent. 


Bays 

As far as single and two-seater machines are concerned, the 
usual wing construction involves a single pair of struts at each 
side, but it is noticeable that in the latest model Pfalz scout, 
the D12, this practice has given place to double pairs of struts. 
Indications point to great strength having been made a matter 
of prime importance in this design. 

In some types, notably the Pfalz and the Fokker, the upper 
plane is made as a single unit. In the latter case the lower 
plane is also in one piece. In the generality of machines, how 
ever, the center section principle appears to be gaining vogue. 


Spars 


Shortage of ash and spruce has led to the general adoption 
of built-up spars, which are of such a variety of types that a 
separate report is being issued upon their design. In nearly 
all cases ply-wood plays an important part. Thus in the 
Fokker biplane the spar, which, owing to the absence of the 
usual wire bracing of the wings, is extremely deep, consists of 
two thin rails of spruce united by deep ply-wood webs. In the 
Gotha bomber a built-up I section spruce spar is covered in 
with ply-wood at each side. On the Giant four and five- 
engined bombers the spars are of hollow rectangular section, 
strengthened by a transverse web across the middle of the box. 
The latter is built of numerous components tongued and 


* Excerpt from a report by the Technical Department of the Britisb 
Air Ministry 
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tremely light motor would greatly enhance the performance of 
the airplane, particularly in the matter of climb. A motor of 
1 lb. per hp. or less would enable the present-day type of air- 
plane to approach very closely to the ideal of vertical climb, 
and in the writer’s opinion this is the direction in which future 
improvements will occur. The principles of airplane design 
are a long way from finality; indeed, there are vast fields yet 
open to research. 

Although it must be admitted that the airplane as at present 
constituted suffers from the want of a low-landing speed, it is 
more than certain that this will eventually be solved by the 
production of a variable incidence machine, while the variable 
pitch air-screw is another souree from which the airpiane of 
the future will gain increased efficiency. It, therefore, does not 
seem possible that the helicopter as a type will ever supersede 
the airplane for practical purposes, though it may admittedly 
be possible to produce such a machine. 


Airplane Design’ 


grooved together. The whole is strengthened by walls of multi- 
ply glued on each side. In the Halberstadt design the built-up 
spruce spars are reinforced by broad horizontal webs of ply- 
wood running longitudinally, and at each edge of these are 
stringers. The whole spar construction thus represents a sec- 
tion similar to an H lying on its side, of which the central box 
spar forms the cross bar. 

The A.E.G. machines alone employ steel tubular spars. 

Other German designs, such as the Pfalz, D.F.W., L.V.G., 
Rumpler, and Albatros, employ built-up spars of the ordinary 
accepted type, either of box or I section. 

W iring 

With the exception of the Fokker biplane and triplane, 
which have no external wire bracing whatever in the wings, 
the rigging of German machines is upon the accepted lines. 
The standard material is multi-strand eable furnished with 
whipped and sweated splices at the loops. Quick detachment 
devices, which at one time were fitted on several German 
models, have now disappeared. For internal wiring both plain 
wire and stranded cable are used. In the Fokker design the 
angle of the drag bracing cables between the struts seems to be 
very bad, but according to reports this machine is actually 
unusually strong. Drag bracings are in some eases taken from 
the front of the body, but in most designs are confined to the 
interior of the wings. In no ease is the underearriage used to 
form a component of the bracing system. 

In most machines the compression struts between the spars, 
for drag bracing, are steel tubes, but in some eases, notably the 
Fokker, Halberstadt and Albatros, wooden box ribs are used. 


Bodies 

The standard type of German body construction embodies 
a three-ply shell built up on light wooden formers. It is gen- 
erally of the wireless form, but in some eases the forward por- 
tion in the neighborhood of the wings and engine is strength- 
ened with diagonal bracing. This is adopted also in the Gotha 
in that part of the body which embraces the cockpits and fuel 
tanks. 

Exceptions from this general rule are the A.E.G. two-seater, 
the A.E.G. bomber, and the Fokker (biplane and triplane). 
In all of these steel is exclusively used for the body construe- 
tion, the transverse members being welded to the longerons. In 
the four and five-engined Giant bombers the rear portion of the 
body, ineluding the longerons, is of steel tube, while in the 
Friedrichshafen bomber wooden longerons are used in conjune- 
tion with steel tube compression members. 

In nearly all cases the wooden body is roughly rectangular 
in section, with corners rounded off, and tapers to a vertical 
knife-edge at the rear. In the Halberstadt, on the contrary, 
it tapers, in a manner similar to that of the Bristol fighter, to 
a horizontal edge. In the Pfalz designs great pains have been 
taken to produce a fish-shaped body of perfect stream-line 
form; this is of approximately elliptical section throughout, 
though leaning toward a sharp “ backbone” near the tail. The 
performance of this design is, however, relatively poor, and the 
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rather elaborate stream-lining appears to bring no great mate- 
rial benefits. 

In the Albatros and the earlier Pfalz the fin is built in one 
with the body, and very neatly faired off; but it is notable that 
in the latest Pfalz this practice has been discarded in favor of 
a detachable fin. 

Tail Surfaces 


The use of fixed fins and tail planes is now standard on 
all German airplanes, and in nearly all cases both the rudder 
and elevator are balanced. In some eases——notably the Fokker 
biplane—the fin is offset so as to mitigate the turning effect 
due to the swirl of the slipstream. In the Hannoveraner fighter 
a biplane tail is incorporated with a view to reducing the blind 
area of the movable machine gun. 

In all the big bombers—the Gotha, the Friedrichshafen and 
the Giant machines of both types—a biplane tail is now a 
standard fitting, though it has not yet been adopted on the 
A.E.G. 

In practically all cases the framework of the tail organs is 
of light steel tube, and in general this applies to the fixed 
planes as well as to the controllable surfaces. In the Pfalz, 
Albatros and L.V.G. designs the fixed plane frames are of 
wood and covered with thin ply-wood. 

In some cases—notably the A.E.G. bomber—the fixed planes 
are of heavily cambered stream-line section. The same prac- 
tice, though to a less noticeable extent, is embodied in the latest 
Halberstadt; but in the Fokker, which is to be regarded as one 
of the most up-to-date German types, flat, uncambered surfaces 
are exclusively employed. In this ease, too, the fixed tail 
plane is made in one unit and dropped into brackets on the top 
side of the body, instead of being constructed in two halves, 
and placed one on either side. This principle has also been 
adopted in the most recent Halberstadt. 


Struts 


Probably owing to a shortage of timber wooden interplane 
struts are very little used, and are only found in the Fried- 
richshafen, L.V.G. and the older type of Pfalz. Steel struts 
are either tubes of round section faired off with a three-ply or 
solid wood stream-lining, or of oval section, the latter practice 
being increasingly popular. In some cases the strut ends are 
tapered and welded to a socket; in others the tube is kept full 
section and is dropped over an eyebolt at each end. N-struts 
for the junction of the top plane and the body are common, 
and are also used between the planes in the Pfalz and Fokker 
models. Oval steel tubes for undercarriage struts are prac- 
tically universal, the L.V.G. being the only design incorporat- 
ing wooden members in this position. 


Undercarriage 


For scouts and two-seaters the plain axle slung to V-struts 
is invariably adopted. In most cases neither the axle nor the 
tie rod are faired off, but in the Fokker types, both monoplane 
and triplane, the axle fairing has been developed into a lifting 
surface. In the larger bombing machines current practice 
varies considerably. Thus in the Friedrichshafen there are 
three two-wheeled axles—one under each engine and the third 
under the nose of the body. This system has been adopted in 
some of the Giant airplanes. In the Gotha there are two 
two-wheeled axles under each engine, while in the four-engined 
Giant under each engine unit is a ponderous single axle sup- 
porting at each end four wheels placed side by side. 


Shock Absorbers 


Rubber bands have now entirely disappeared, and their place 
has been taken by steel coil springs. In some eases three coils, 
of alternate “ hand,” are placed one inside the other; in others 
three small coils are grouped together in a “ clover leaf’ and 
covered in with cotton fabric. The weight of spring used on 
the average machine is about 5 lb. for each wheel. In the Gotha 
the shock-absorber springs are concealed in the underearriage 
struts, and are worked by a cable passing over pulleys. Steel- 
shod wooden tail skids are almost always used, but are not 
made steerable. 

Engine Bearers 


In most scouts and two-seaters wooden bearers, sometimes 
of ash, but more often of pine, are supported on multi- 
ply-wood bulkheads, but in the Fokker and A.E.G. designs 
the construction is of steel tubes, to which flat clips are fixed 
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In the A.E.G. bomber 
Owing. to 


for the support of the crankcase arms. 
the bearers are hollow steel of rectangular section. 
shortage of suitable timber the bearers on the Giant airplanes, 
which are necessarily very long, are built up of a soft wood 
center piece, reinforced top and bottom with five half-inch 
layers of ash. 


Radiators 


Several types of radiators are in use on German airplanes, 
and in nearly all eases they are fitted with some simple form 
of shutter, which is used in conjunction with an electrical rheo- 
stat thermometer. Formerly it was the general practice to 
mount a rectangular radiator in front of the cabane, just un- 
derneath the top plane; but in the latest L.V.G.’s this method 
has been disearded, and a eurved radiator sunk flush in the 
center section is adopted in its place. Generally speaking, this 
plane radiator is now standard in two-seater designs, but in 
the Pfalz, which previously incorporated this scheme, the latest 
pattern has a nose radiator of vertical tubes, the arrangement 
being somewhat similar to that of the Fokker biplane; these 
two machines are in this respect in a class by themselves. 

On bombers the usual design embraces a car type radiator 
at the front end of the engine bearers, but in the four and five- 
engine Giant machines the use of gear boxes has prevented this 
practice being adhered to, and in these the radiators are carried 
well up above the motors, and fixed either on the engine bearer 
struts or on wires. 


In the flush pattern of radiator the tubes are horizontal 
and of flattened cval section, and are set with their major axis 
inclined. The tubes are in two cells, which are separated by 
baffle plates, which insure that the water runs from side to 
side, then down, and then from side to side back again. A 
short-cireuit tube is nearly always provided to guard against 
the formation of air locks in the upper portion of the water 
tank. Another fitting frequently met with is a small sub- 
sidiary water tank mounted above the radiator and connected 
to the main filler cap with a tube. The top of this tank is 
fitted with a trumpet-shaped nozzle pointing forward. 


Gears 


It is significant that in the four and five-engined Giant air- 
planes massive gear-boxes are used in conjuction with standard 
engines of the Mercédés and Maybach type. As might be ex- 
pected with six-cylinder engines, the gear-boxes are very heavy. 
In the four-engine machines they had shallow casings fitted 
with cast aluminum cooling fins, and were connected to the 
engines by flexible couplings and external shafts. In the five- 
engine design the shafts are enclosed within the gear-box. 
Plain spur pinions are fitted, and the ratio employed both for 
tractor and pusher screws is 21/41. The gear-boxes are of two 
distinet types—a short one for the tractor screw and a long 
one for the pusher. The latter is given considerable overhang 
in order to obviate the need for cutting away a section of the 
trailing edge to give clearance for the screw. 

Each gear-box, including the flywheel on the engine which it 
necessitates, the flexible coupling and the oil radiator, adds a 
weight of 346 lb.—a little over 1.15 lb. per hp. It is obvious, 
however, that the gain in propulsive efficiency is considerable. 


The oil radiator referred to consists of a semi-circular tank 
slung under the gear-box, and containing 65 tubes of, roughly, 
20 mm. diameter. Oil is cireulated through this, and the sump 
in the gear-box by a pinion pump driven through worm gears 
and a flexible shaft from the driving pinion shaft of the gear- 
box. 


Gasoline Systems 


These generally incorporate two tanks—one gravity and one 
under pressure supplied by an engine pump—except where 
Benz engines are installed. In this case a gasoline pump is 
employed, which supplies a tubular chamber, from which the 
overflow returns to the main tank; a hand gasoline pump of 
the semi-rotary type is used for filling the gravity starting 
tank. The last-named is frequently let flush into the center 
section of the upper plane, or is strapped on to it, except m 
the D.F.W. and Pfalz designs. In the former it is placed on 
the top of the main tank and forms the back of the pilot’s 
seat; in the latter it is under the engine cowling. In the 
Fokker the main, auxiliary and oil tanks are incorporated im 
one unit, and a hand-pressure pump is fitted for starting pur- 
poses. 
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Performance and Cost of the Air Mail Service 


COST OF OPERATION AND MAINTENANCE, JANUARY, 1919 


~ Rent, light, 


Airplane Grease Office | Motor (Fuel, power| 
No. Gas and Oil Force | evyecles, Telephone, | Misc. 
trucks | and water 
2 $70.21 $30.94 $61.94 $79.98 | $55.59 | $136 
3 177.25 69.88 61.94 79.98 | 55.59 | 136 
4 17.93 9.12 29.12 79.98 14.88 136 
38262 | 109.38 3.46 61.94 79.98 | 55.59 136 
38274 17.89 6.08 41.94 | 79.98 26.07 136 
38275 101.12 | 42.91 61.94 | 79.98 | 55.59 | 136 
38278 86.10 | 25.72 61.94 | 79.99 | 95. 59 136 
38279 60.09 33.41 61.94 | 79.99 | 55.59 136 
39362 105.97 24.58 61.94 79.99 55.59 136 
39363 35.40 | +. 86 12.82 | 79.99 11.19 136 
39364 87 .92 38.88 61.94 79.99 | 55.59 136 
39365 84.44 | 18.59 61.94 79.99 55.59 136 
Tots! $953.70 $248 43 $641 . 34 $959 .82 $552.45 $1,633 








Cost per mile, overhead, $.4492; cost per mile, flying, $.2785; cost per mile 


SERVICE AND UNIT COST, JANUARY, 1919 





Gal. Total Total Miles run Cost Cost 

Airplane of time miles | pergal. | per per 
No. gas. run run of gas hour mile 

hr mir 

23 11 1s 872 3.77 $103 40 | $1.3993 
582 33 34 2,407 4.14 61.17 | .7136 

59 | ire Sets | rT 
359 10-13 1,664 ae 8172 
59 1 55 12 2.17 | 463 .88 6.9460 
333 29 34 1,706 | §.12 46.27 | 8020 
282 13 29 899 3.19 | 85.37 | 1.2805 
198 17 05 1,157 | 5.84 64.49 9521 
350 6 04 536 1.53 187 .64 2.1237 

118 

337 15 6 1,205 3.58 76.94 1.0174 
276 6 43 564 2.04 169.34 | 2.0167 
Total 3,184 156 21 11,138 3.50 $87.89 | $1 2337 


>, me 



































| ; | Depart- 

| Mechanics Repairs Interest mental 

| Pilots | anc and on Overhead | Total 

| Helpers Accessories|Investment| Charge 
12 | ~ $135.84 | $382.14 | $29.95 | $97.34 | $140.15 | $1,220.20 
12 386.40 473.05 40.00 97 .34 140.15 1,717.70 
12 | 281.41 63 . 52 97 .34 140.16 869.5 
12 232.70 303 . 20 100.10 97 .33 140.16 1,359 .96 
12 22.11 | 291.47 29.95 97 .33 140.16 889.10 
12 | 340.35 | 306.77 6.00 97 .33 140.16 1,368 . 27 
13 | 55.25 | 283 .96 29 .00 97 .33 140.16 1,151.17 
13 196.65 | 244.40 ‘bide 97.33 140.16 1,105.69 
13 69.88 335.68 31.10 3: 140.16 1,138.35 
13 SOime. ts #2k%- 140.16 558 .12 
13 183 .42 236 . 22 108 .40 97 .33 140.16 1,225.98 
13 77.40 355.93 29.96 97.33 140.16 1,137.46 
50 $1,800.00 | $3,534.47 $467.98 ($1,167.99 |$1,681.90 | $13,741 58 











1intenance, $.5060. 


SERVICE AND UNIT COST, FEBRUARY, 1919 








Gal. | Total 




















| Total Miles run | Cost Cost 
Airplane of | time run.|_ miles per gal. | per per 

No. gas. | hr. min. | run. of gas. hovr. mile. 
2 256 | 17 44 | 1,384 | 5.41 $57.60 | $.7374 
3 115 6 48 | 526 | 4.57 115.20 1.4924 
4 161 13 Ol 918 | 5.70 79.80 1.1295 
7 135 3 26 233-—COs 1.73 230.40 3.3982 
Ss me 210 8 17 362 1.72 105.60 2.4173 
38262 : 45 | 0 53 | 90 2.00 736.20 7.2274 
38274 88 5 52 268 3.05 114.60 2.5032 
38275... 129 4 41 | 427 3.31 192.60 2.1123 
38278 : 287 28 03 | 2,172 7.57 42.60 .5517 
38279. . ta 287 } 19 18 | 1,323 | 4.61 60 . 8801 
38280 Sea 124 4 47 346 2.79 185.40 2.5639 
39362 316 ma ma 899 | 2.84 90.60 1.1344 
39363.......| 568 18 20 1,526 | 2.69 77.40 9266 
39364 il os a Pe Pit PPO 
39265. 214 8 51 508 2.37 | 88.80 1.5429 
Total.... 2,935 151 15 10,982 3.74 90.22 1.2425 








COST OF OPERATION AND MAINTENANCE, FEBRUARY, 1919 

















Rent, light, Depart- 
Airplane Grease Office | Motor  |Fuel, power} Misc. Pilots | Mechanics Repairs Interest mental Total 
No. Gas and Oil Farce cycles, " Telephone, | and } and on Overhead 
Trucks | and Water | Helpers | Accessories Investment} Charge 
2 $77.94 | $30.15 $58 .82 “$61 66 $46 47 $129.61 | $218 31 | $244. 48 | $27.60 $60 .43 $65 .07 “$1, 020.: 
5 34.93 17.96 58.82 | 61.66 | 46.47 129.61 | 91.37 | “184. 10 | 34.60 60.43 | 65.07 78 5 02 
4 52.66 17.09 58.81 | 61.66 | 46 .47 129.61 | 120.19 | 319.13 105.80 60.43 | 65.07 1,036.92 
as $1.28 9.04 58.81 61.66 46.47 129.61 37.69 | 225.23 56 . 50 60.43 65.07 791.79 
8 63.95 11.54 58.81 61.66 46 .47 129.61 | 136 .03 176 21 | 65.30 60.43 65.07 875.08 
38262 17.29 81 41.51 61.66 19.22 129.61 | 13.05 | 226. 77 | 15.05 | 60.43 65.07 650 .47 
38274 30.43 8.38 41.51 61.66 | 19.22 129.61 | 11.74 226.77 16.05 60.43 65.07 670.87 
38275. 42.94 14.65 58.81 61.66 46.47 129.61 43.20 319.51 | 59.60 | 60.43 65.07 901.95 
38278 90.64 27.42 58.81 61.66 46.47 129.61 261.44 368 .74 27 .95 60.43 65.07 1,198.24 
38279 93.90 30.39 | 58.81 61.66 46.47 129 .62 257.26 | 318.46 | 42.26 | 60.43 | 65.07 1,164.33 
38280 $1.31 2.04 58.81 61.66 46.47 129.62 | 44.30 266.18 111.20 | 60.44 | 65.07 887.10 
39362 96.45 27.14 58.81 61.66 46.47 129 .62 133.18 186 .46 | 154.50 60.44 65.07 1,019.80 
39363 196.69 58.70 58.81 61.66 46.47 129 .62 289 .60 401.24 | 45.75 | 60.44 65.07 1,414.05 
39364. 17.30 61.67 27.25 129 .62 | 8 rere ee 60.44 65.08 445.22 
39365 96.21 3.41 29.20 61.67 36.19 129 .62 142.64 | i of Sy Jape | 60.44 65.08 783.78 
Total. $976.62 $258 .72 $776.45 $924 92 $613.05 $1,944.21 $1,800.00 | $3,706.46 $762 .16 $906 . 50 $976 .07 $13,645.16 


Cost per mile, overhead, $.3822; cost per mile, flying, $.2764; cost per mile 


Note. a increase in cost per hour and cost per mile over January ¢ 
1auling, and one rebuilt. 


lue 


, Maintenance, $.5839. 


to short month—24 operating days—and to one plane receiving general over- 


Converted DH-4 Mail Planes Ready 


The twelve DH-4 two-seater fighters and bombers which 
were remodeled by the L-W-F Engineering Co. to the demands 
of the Aerial Mail Service, have met all the requirements of 
the Post Oftice Department. The pilots who flew them are 
well pleased with these machines, which are faster and more 
powerful than the other mail planes. 

The L-W-F Co. removed the armament and military acces- 
Sories and changed the pilot’s cockpit from the front to the 
rear. The front cockpit was then altered so as to provide a 
rain-proof compartment holding about 500 Ib. of mail. 
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The standard L-W-F underearriage of bent steel tubing re- 
places the wooden chassis, and the four longerons of the body 
are braced from the radiator to beyond the splice in the body. 
Extra brace wires are attached to the engine section. 

The plane carries fuel for 4 hr., which will insure a cruis- 
ing endurance of 400 miles. The mail planes are just as fast 
as the battle-planes. 

These ships will be used on the New York to Chicago route 
starting next month. 





New Program for Air Service 

A new program for the development of the Air Service on 
a permanent basis has been announced by the War Depart- 
ment. This plan provides for 5,100 planes of all types, 1,700 
in active commission and 3,400 in reserve. This is based upon 
the proposed military establishment of 500,000 men, in which 
total the Air Service personnel will be 1,923 officers and 21,853 
men. 

The organization tables show the air forces on a peace 
basis will comprise eighty-seven service squadrons, of which 
forty-two will be assigned to coast defence work in the United 
States and insular possessions, twenty will be pursuit squad- 
rons and twenty-five observation and bombing squadrons. The 
typical army airplane squadron includes eighteen planes in 
service and their personnel. 

The tables also call for maintenance of forty-two balloon 
companies, divided into three wings of fourteen companies 
each. 

The general plan of the army reorganization calls for 
twenty-one divisions, including one cavalry unit of nine regi- 
ments, to be formed into five army corps, to be stationed in 
five different sections of the country, each to be commanded 
by a lieutenant general. To each corps will be attached five 
observation and bombing squadrons and four pursuit squad- 
rons, representing a wing formation for each type of ma- 
chine. 

The effects of this will be to give the Air Service definite 
recognition as the fourth arm of the line, or combat forces of 
the Army, the others being infantry, cavalry and artillery. All 
other units are supplemental forces, generally known as auxil- 
iary arms or staff corps troops. 

Storage capacity has been provided for approximately 6,000 
complete ’planes, not including those in service or in immedi- 
ate reserve with the squadrons. In addition airplane motors 
by the thousand have been stored, the upkeep of any unit in 
service requiring three or four extra motors a ’plane. 

To make this plan effective will require the purchase by the 
Government of several thousand airplanes of types which the 
Air Service does not at present own. Bombing ’planes, single- 
seater fighters and two-seater fighters will be required. 

The present DH-4 will have to be remodeled to bring it up 
to date for observation and photographic work. Advanced 
training types will also probably be needed. 

To secure the above equipment will require no new legisla- 
tion for there are funds available from present appropriations 
to cover the cost of the new machines. 

Paris Air Conference 

The Aeronautical Commission of the Peace Conference held 
a meeting in Paris, March 31, to receive and consider reports 
from sub-committees concerning military, legal, commercial 
and technical subjects. It was found that the sub-committees 
had not completed their work, but the commission approved 
the temporary reports submitted. 

It was agreed to put before the Supreme Council the pro 
posals to be finally submitted at the next meeting by the joint 
military and legal sub-committee. Good progress has been 
reached on important points in connection with the future of 
commercial aviation. 

At the next meeting of the Commission it is expected that 
the general principles and much of the detail of the inter 
Allied Aerial Convention may be settled finally. 

New York Police Air Force 

The New York Police Department has taken active steps to 
form an aviation section of the Police Reserves under Deputy 
Commissioner Rodman Wanamaker. Col. Jefferson De Mont 
Thompson is in command of the air force. 

The following fliers have been sworn into the service: Lieut. 
Paul Micelli, Edward L. Smith, James R. McCaffrey, Capt. S. 
Herbert Mapes, Lieut. Leigh J. Bair, Capt. Hugo Sunstedt, 
Capt. Joseph C. Stehlin, Lieut. Edmund C. Rowan, Lieut. John 
Robertson Hoyt, Lieut, Frank Sefern Ennis, Miles F. Kellin, 
Ensign Albert Pendleton Taliaferro, Jr., Ensign Frank E. 
Hutcheon, Charles Siems, Ensign J. G. Stewart, Charles S. 
Jones, and Lieut. Hilbert L. Bair. 
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New Parachute Tested 

According to the Kelly Field Eagle, a new type of para. 
chute, which is the invention of First Lieut. Solomon L. Van 
Meter, A. S., has successfully been tested at Wilbur Wright 
Field. 

Lieut. Van Meter’s invention is said to mark a great ad- 
vance upon the old system of jumping from the plane with 
the parachute packed on the back of the pilot. The old method 
was unsatisfactory because the pilot would often experience 
difficulty in clearing the ship, and the parachute would be. 
come entangled in the tail of the ship, especially in the case 
‘Of a tailspin. It was also unsafe to jump by the old way from 
a height of less than several hundred feet, as the parachute 
often fell that far before opening. 

The Van Meter parachute overcomes these drawbacks in 
the following manner: The parachute, which is enclosed with- 
in an aluminum container, is placed in the airplane body di- 
rectly behind the rear cockpit. Under the container is a pow- 
erful spring, which, when released throws the parachute a 
distance of at least twenty feet from the ship, at which time 
the parachute immediately opens and draws the pilot from the 
ship. At the same time the pilot releases the spring which 
discharges the aluminum cartridge, the pilot himself is auto- 
matically released from his seat. 

When he is released, the seat falls back a short distance 
against a slideway and makes his departure from the ship less 
abrupt. The spring is easily released by pulling a ring fast- 
ened on either side of the pilot’s seat. 

Further experiments will be conducted at McCook Field, 
Lieutenant Van Meter having been assigned to duty in this con- 
nection with the Aireraft Engineering Department. 

Atlantic City Air Meet 

At the Second Pan-American Aeronautic Convention to be 
held at Atlantic City in May many prizes will be competed 
for and several noted fliers have indicated their intention of 
participating in the contests. 

Col. Wiliam A. Bishop has offered a trophy to be known 
as the Ace of Aces trophy, to be awarded in 1919 to the flier 
who makes the best speed between Toronto and Atlantic City. 

The Atlantie City Aero Club has offered $10,000 to the pilot 
who begins or ends a transatlantic flight at Atlantie City dur- 
ing the month of May. 

The Valentine prizes for seaplanes amount to $1850 and 
are to go to the pilot who makes the greatest number of laps 
between Atlantic City and Cape May Naval Air Station dur- 
ine the convention. 

Glenn H. Curtiss has offered a $1000 prize to the first pilot 
who flies 1000 miles without stopping in contests for the Cur- 
tiss Marine Flying Trophy. 

Speed prizes for seaplanes to be competed for on May 30 
amount to $1750. 

Many medals are offered for various special events and 
£9000 is offered for the winner of intercollegiate contests. 

Service Association Moves 

The publication office of U. S. Air Service and the office of 
the Army and Navy Air Service Association have been moved 
from Building D, 6th and B Streets, Washington, D. C., to 
Room 645 Munsey Bldg., Washington, D. C. 

This new location will be a convenience to the business i 
terests of the association and particularly the magazine. Mem- 
bers of the association, as well as prospective members, will 
be weleomed when in Washington. 

The secretary, Capt. Earl N. Findley, A. S. A., and Liew 
tenants Meade and Metealf, who have been detailed as members 
of the magazine staff, are now located in the new offices. 


E. Stinson Buys Sport Airplane 

The first reported sale of a small sporting airplane for e& 
hibition work was recently made by the Aireraft Engineering 
Corp. of New York, when they sold one of their ACE modeb 
to Aviator Eddie Stinson, of the famous Stinson family of 
fliers. Before purchasing the plane Stinson put the small 
machine through all the stunts for which he is famous. He 
will use it during the summer for exhibition work. 
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THOMAS- 
MORSE 


Side-by-Side 
Seater, 
Type S-7 


Equipped with 
80 h. p. 

Le Rhone 
Engine. 


High speed, 
90 M.P.H. 


Landing speed, 
35 M.P. H. 





Climb 6,700 ft. 
in first ten 
minutes. 













THOMAS ~MORSE AIRCRAFT CORPORATION 
ITHACA ,N.Y.U.S.A. 





























oa Aero Engines 





@ The late Col. Cody on his bi-plane beat all comers, both British and 
Foreign, the Engine used was Beardmore design. 


BUILT PRE-WAR DAYS ARE STILL IN ACTIVE SERVICE. 


constant use on all fronts. Any member of the R.A. F. will testify 
Beardmore quality, efficiency and reliability. 


@ Beardmore Six Cylinder, Vertical, 120 and 160 H. P. Engines 
are Engines of experience and for commercial work will 
prove the best investment. 
Inquiries solicited regarding U. S. A. and Canadian representation 


THE BEARDMORE AERO ENGINE, LIMITED 
London Showrooms and Depot — 112 Great Portland Street, London, W. | 





SIMILAR ENGINES 


@ During the past four years of hostilities, Beardmore Engines have been in 


The Supremacy of ‘“ Beardmore” is beyond dispute. 
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TO SAFETY! ECONOMY!! EFFICIENCY!!! 
RETIRED SERVICE FLIERS 
with apologies to 


“WALT MASON” 























of the N. Y, Evening Globe. ; and a 
You played your part and did your picture 
share,—p’raps over here, p’raps ae" 
over there—and hate like smoke to took 
to quit the game and life, some- at 






how, don’t seem the same. You 
hung around the dear old ship, 
and said “Good Bye” with quiv’- 
ring lip and now its back to bench 
or chair (Gosh! it was good, away 
UP THERE),—and now you're 
grouchy, sore and glum and think 
the world’s gone on the bum. 
Cheer up, old tops, it ain’t so bad 
for there’s good news to make you 
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BELLANCA 











































/ $s glad and comes from North, South, 55 H.P. ANZANT 
| Se ge UE East and West,—of all good news \ TWO-SEATER 
| ES lp it’s far the best. BELLANCA’S E 
i. &/ =7e N "BUS has shown how sag the fly- BIPLAN 
E | aay | t ing game is timed to boom; ere 
td Towwe HE et = ote the skies will tell the tale. Pri 
3 | : how sky-high enterprise cant fail, Phare A 
—with you at work with work p 
\F\ 5 /¥ galore (all you can do and then ae 
\BeN 4 i The "a some more). Ba would take too .O.B. 
B59 SRcpaF a 4 AEROPLANE long to tell it here, but just to 





Ow AM ae FOR THE 
Nae AVERAGE MAN 


prove the news’ sincere, just sit 
down now and write a line, ad- 
dress it “ No. two nine nine,” and 
say just what you'd like to do and 
see if wishes can’t come true! 


For Specifications and Fullest 
Information: 
HARRY E. TUDOR 
Sales Manager 
299 Madison Avenue 
New York City 
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a counterbalanced aviation 
crankshaft .... 


Patented July 10th, 1917 


one of the 18 different 
models we are now making 


for 14 aviation motor companies .. . 
reduces vibration and eliminates bearing pressure 


We have shipped 46,637 Aviation Crankshafts to January 16, 1919 


THE PARK DROP FORGE Co. CLEVELAND, OHIO 


Nae ma, 
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SIMPLICIT Y 
STRENGTH 
SERVICE 


DEPENDABLE SERVICE 
QUANTITY- PRODUCTION 


Our plant at Erie—the largest of its kind—specializes on AIRCRAFT 
BOLTS, NUTS and CLEVIS PINS conforming to Government 
Specifications 

A product as near 100% perfect in quality and machine practice as the 
human element will permit 

Please request our New York Office to send you copy of our catalogue. 


ERIE SPECIALTY Co 


Frie.Pennsylvania 
NY.Office 8West40*$'t 
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“THE SHARK ” Fighting Bomber 


L:W-F ENGINEERING COMPANY 
Inc. 


COLLEGE POINT, L. I. 











WE USE THE CELEBRATED 
Radium 
L Ui ryt E Fi ¢ 


To Manufacturers of 
Aeronautic Instruments 
The great volume of work handled by our 


various factories involves a breadth of dial 
painting experience that warrants consid- 
eration of our service from the standpoint 
of both technique and economy. 


We use only Luma, the world’s best Ra- 
dium luminous material. 


Estimates and full information upon request. 
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FILES 

DRILLS 

TAPS and DIES 
MACHINISTS’ TOOLS 
BOLTS and SCREWS 
FACTORY SUPPLIES 
Etc., Etc. 


& this period of reconstruc- 
tion it is more important 


than ever to keep up the stock in 
your storeroom—have the gaps 
filled in and leveled off—to be 
prepared to better meet the new 
conditions as they develop and 
the competition which is sure to 
come. 


We are ready for you with a 
large and assorted line of 
General Hardware 
Tools and 


Factory Supplies 


and solicit an opportunity to 
figure on your requirements. 


HAMMACHER, 
SCHLEMMER & CO. 


Hardware, Tools and Factory Supplies 


4th Ave. & 13th St. New York Since 1848 
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AIRCRAFT 


JOURNAL 


Formerly Air Service Journal 


5 igga “National Aero- 
nautic Weekly” which 
covers accurately and thor- 
oughly all the news of 
aeronautics the world over. 


Fifty-two consecutive issues 
of Aircraft Journal means 
a record of all happenings 
aeronautic for a year. 


A year’s subscription to 
Aircraft Journal is two 
dollars. A six months’ trial 
subscription is one dollar. 


AIRCRAFT JOURNAL 
22 East Seventeenth St. 


New York City 


Subscribe by Mail 


Apri 


— 
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AJAX Auto and Aero Sheet Metal Company 


Manufacturers and designers of 
AERO RADIATORS INTAKE 
and EXHAUST PIPES 
H.W. MEYER. 245 West Fifty-fifth Street, N 
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"DALTON S$ S I x 
- =u] MET eATHE > { =a) 


ctual Swing 7 74 Inches 


MODEL TYPE “B-4” | 








MANUFACTURED BY 


DALTON MANUFACTURING CORPORATION 


NEW YORK U.S.A. CABLE ADDRESS“ALEDAL’ EW Yi ORK 





Aluminum Company of America 


General Sales Office, 2400 Oliver Building 
PITTSBURGH, PA. 


Producers of Aluminum 








Manufacturers of 


Electrical Conductors 
for Industrial, Railway and Commer- 
cial Power Distribution 
also 
Ingot, Sheet, Tubing, Rod, Rivets, 
Moulding, Extruded Shapes 


also 


Litot Aluminum Solders and Flux 


CANADA 
Northern Aluminum Co., Ltd., Toronto 


ENGLAND 
Northern Aluminium Co., Ltd., London 


LATIN AMERICA 
Aluminum Co. of South America, Pittsburgh, Pa. 














No. 2B PLAIN MILLER 


Single Pulley Drive 


12 ch dl . 9 taper in spindle. 
6 changes oo. vie spindle a ble 84 x 37° 


Hardened machine steel gears throughout insure 
maximum driving power at all speeds. 


We also build Universal Millers, Dividing Heads, 
Vertical Attachments and Vises. 


Write for Circular 


THE FOX MACHINE COMPANY 
1810 W. Gavson St., Jackson, Mich. 
Formerly of Grand Rapids, Mich. 
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SPRUCE LUMBER 


for 
Airplane Construction 





a twenty years we 
have been exclusive 
manufacturers of PACI- 
FIC COAST SPRUCE 
LUMBER. Our product 
is from the very best forests 
of SITKA SPRUCE. 


We solicit your inquiries 


MULTNOMAH LUMBER 
& BOX COMPANY 


PORTLAND OREGON 




















* 
A National 
eo 
Service 
During the war, when most 
needed for the tasks of war— 
Dixon’s Eldorado, ‘‘the master 


drawing penal’ rendered a real 
National Service. 





Today it is giving the same satis- 
faction, contributing to the needs of 
bh peace. 


"| Smooth, strong, firm and long 
My wearing, leads so uniformly graded, 
make the Eldorado a real American 
achievement. Made in 17 degrees—6B 
(softest) to 9H (hardest) with HB (me- 
dium) for general use. . 

Write us on your letterhead now and 
we will send you full-length samples 


free. Please specify the degree you mest 
commonly use. 


JOSEPH DIXON CRUCIBLE CO. 
Established 1827 


Oe Dept. 146-J 
_ Jersey City, N. J. 


There is a Dixon-Quality pencil, crayon, 
and eraser for every purpose. 
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FUEL LEVEL 
GAGES 


This cut shows our 
Model 51 Gage 
which is standard on 
practically all type 
of military training 
machines. 





Other types of gages 
in large quantities 
are “doing their 
bit” as part of the 
equipment of Eng- 
lish Government 
Warplanes. 








SPECIAL TYPES DESIGNED 
FOR YOUR ESPECIAL NEEDS 


BOSTON AUTO GAGE CO. 


8 WALTHAM STREET, 


BOSTON, MASS. | 
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d ' @ MILES UP—30,500 feet in the Air. 70° Fahr. of Frost 
| THE WORLD’S ALTITUDE RECORD 

on a two-seater D.H.9, with 450 bh.p. Napier “Lion” 

Engyne, using Tite. low tenae 

perature (38 de- 

rees below 

) at which 

Castrol “R” 

remained fluid 

~ again shows the 

OTOR OIL | necessity of em- 

ploying a 

(Racing) proved lubricant for 


C. C. WAKEFIELD & Co., *TIMITED: 7 
Wakefield House, Cheapside, London, E. C. 2, Eng. 


















































All the experience of this 
organization in the manu- 
facture of speed indicat- 
ing and recording in- 
struments, is available to 
the manufacturer with a 
problem in this field of 
airplane accessory appa- 
ratus. 

Correspondence is invited 


H.W. JOHNS-MANVILLE CO. 
New York City 
10 Factories—Branches in 63 Large Cities 


JOHNS-MANVILLE 


Speed Indicating and Recording 
Aeronautic instruments 








WITTEMANN-LEWIS 
AIRCRAFT 
COMPANY 


NEWARK, N. J. 


aT LLL 


Main Office and Factory: 


Lincoln Highway 
near Passaic River 


Telephone, Market 9096 














You can dispense with the 
preliminary block test— 


by finding the R.P.M. of airplane motors, 
prior to the final tachometer rating, with a 


Needor 


SPEED COUNTER 





Simply hold the Veeder against revolving propeller shaft; apply 
slight pressure the moment you start timing; release pressure when 
minute is up. Clutch starts or stops recording mechanism in- 
stantly, giving accurate readings without use of stop-watch. 
Price, $3.00. 


Veeder Counters for recording the production of machines 
are standard for all industrial purposes. Write for booklet. 


The Veeder Mfg. Co. 


56 Sargeant St., Hartford, Conn. 
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SEAMLESS STEEL TUBING 


Prompt Mill 
Deliveries 


Large Stock on 
Hand 





COLD DRAWN SHAFTING AND SCREW STEEL 
Eastern Distributor: BORDENTOWN STEEL & TUBE CORP. 


JULIUS BLUM & COMPANY 510-512 West 24th Street, New York, N. Y. 


Branches: Boston, Chicago, Philadelphia 














If You Do! AVIATION 


If you find a tube that’s as After the War 

tough and strong as a Dural 

‘Tube— A most important and exhaustive document on 

ae Se a the PEACE-TIME USES OF AIRCRAFT, 
ein PROPOSED LEGISLATION AND REGU- 


fights wear, resists porosity 


ber . LATIONS has just been issued by th 
and positively will not leak 0 Ee ee ee 


at the valve seat— BRITISH PARLIAMENTARY COMMITTEE 
If it has the antimony red, on 
resilient rubber that feels CIVIL AERIAL TRANSPORT 


like velvet and wears like a 


pig’s nose— This report covers a period of intensive study by the 


most eminent authorities in England during the past 





Then it’s a safe bet that it’s twenty months. 


another As only a very limited number of copies of the original 
report were printed and no more can be obtained in 


this country, the Manufacturers Aircraft Association, 
r Inc., has reprinted the complete report (83 pages of 
u text) in attractive pamphlet form, size 13 x 8%. 


Price Fifty Cents 


OURAL RUBBER CORPORATION Address 
Fl . N MANUFACTURERS’ AIRCRAFT ASSOCIATION, INC. 
ee F J. 501 Fifth Avenue, New York 

















‘¢ The Crankshaft Is the Backbone of the Engine. The Engine Cannot Be Better Than the Crankshaft.’’—N. W. A. 


INTRODUCING THE ‘‘WHIPLESS’’ 


AKIMOFF CRANKSHAFT 


We are prepared to design such a shaft for your engine; it will give you 
smooth running and increased power. 


VIBRATION SPECIALTY CO., Harrison Bldg., _ Philadelphia, Pa. 


N. W. Akimoff, Engineer and Manager. His initials WWW) Our Trade Mark. 





Positively not connected with any other concern. 
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STIMPSON a EYELETS 


LACING 
Ze OSs 
A. by Tw w . 
A177 AS be 4 ; 
A445 Te MAnursCrens, OTAL SPELT 208 URE Durroee, ene row meas amp mune A, S35 


70 FRANKLIN AVENUE. BROOKLYN, NEW-YORK 














ROME 
AERONAUTICAL 
RADIATORS 


Developed from years of experience in 
building all types of radiators. 

They possess every feature and qualifi- 
cation necessary for a high grade 


product. 


STRONG — ss the modern aeroplane 
EFFICIENT propeller hub in one 


DURABLE operation. Extremely durable, compact, and effi- 
cient. Does absolutely accurate and uniform work. 
Specially designed so that no oil can get on and 
injure the stock. Either belt or direct motor drive. 





Type C-20 
Propeller 


Boring 
Machine 


A recently per- 
fected machine for 
. automatically boring 
‘the necessary holes in 





Used on the best American flying machines. 
Our engineering department is at your 
service. 

Send today for complete details 
Rome - Turney Radiator Company 


Rome, N. Y., U. S. A. PB. Yates Machine Co. 


BELOIT. WISCONSIN, U.S.A. 




















QUALITY INSTRUMENTS FOR AIRPLANES 


Indicating Dial Type Thermometers for 
circulating oil and water. 


Fh Airspeed Indicators to determine buoy- 
OxB OR ancy and avoid stalling. 
: ate ora i Oil Pressure Gauges 
Air Pressure Gauges 
The Foxboro line includes many other types of Indicating and Recording Instru- 
ments designed for all sorts of conditions and purposes. 
Bulletin No. BI-110 describes our Airplane Instruments. 


THE FOXBORO CO., Inc., FOXBORO, MASS., U.S. A 


New York Chicago Philadelphia Pittsburgh Peacock Bros. Montreal, Canada Birmingham San Francisco 
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Tycos 


Aviation 
Barometer 
Made in U! SAD 
Write for 

Information 


Eyler [nstrument Companies 
Rochester, N. Y. 
U. S. A. 


For over siety AUiTiri rt. 
yeare makers of = 
scientific instre- l@ 











_, All-Metal 
Tite flex. rex 


flexes within the metal and is permanently tight. No 
packing or sliding action to cause leakage 
GASOLENE: HOSE—For garage tanks and supply stations 


ARMORED GASOLENE AND OIL FEED LINES—For auto- 
mobile, airplane and motor boat engines. 


FULL-INTERLOCKED AND SEMI-INTERLOCKED § TUB- 
ING—For hot air stoves, speedometers, horns and electric wir- 
ing conduits. 


TIRE INFLATION TUBES 
MUFFLERS AND EXHAUST PIPES 


Let us quote you 


TITEFLEX METAL HOSE CORPORATION 


Badger Ave. & Runyon Street, Newark, N. Jd. 5 





REG. U.S. PAT. OFF 














Not workmanship alone but unequaled safety and performance 
as well. - Since Oct. 1, 1918, the Paragon Trade-Mark has been 
affixed only to actual PARAGON designs, made or approved by 
Spencer Heath. Our mammoth new plant and equipment 
costing over $300,000 built by Paragon enterprise and on Para- 
gon merit tells the rest of the story. 


PARAGON Propellers fly the world over 


AMERICAN PROPELLER & MFG. CO. 
Baltimore, Maryland, U. S. A. 











Grand Rapids Vapor Kilns 


are used by these aircraft concerns with absolute 
satisfaction. 

Standard Aircraft Corporation 

Fisher Body Corporation, 

American Propeller & Mfg Co. 

Alexandria Aircraft Corp., 

Gallaudet Aircraft Corp. 

Thomas-Morse Aircraft Corp. 

Submit your drying problem to experts who make a 

specialty of kiln design and are prepared to furnish and 
install all equipment and instruments. 


GRAND RAPIDS VENEER WORKS 


Grand Rapids, Michigan Seattle, Washington 














D’Orcy’s Airship Manual 


“A singularly timely and useful work, 
which does for the aerial navies of the 
world something like what Brassey’s 
Annual does for the marine fleets.”.—New 
York Tribune, June 8, 1918. 


$4.00 


THE GARDNER-MOFFAT CO., INC. 
22 East 17th Street New York 








FLYING SCHOOL 


Primary and advanced courses in flying using JN4D Curtiss 
equipment. Students may arrange for as much solo work as 
they desire after securing pilot’s license. 

Excellent Winter Weather 
Tuition has been reduced so that the complete course including 
Aerodynamics, Motor Mechanics, Wireless Telegraphy and four 
hundred and fifty minutes actual flying costs but $450. 

Billy Parker, Chief Instructor 


Write for free illustrated folder 


DEWEY AIRPLANE COMPANY, INC. 
Dewey, Okla. 


Manufacturers of sport, military and commercial airplanes 

















JACUZZI BROTHERS 
1450 San Pablo Ave., Berkeley, Cal., U. S. A. 


Propellers of every description for Airplanes, Diri- 
gible Balloons, Helicopters, Ice Sleds, etc., for any 
type of motor, including Motorcycle Motors, Ford 
Motors, Curtiss, Hall-Scott, Hispano-Suiza, Liberty 
Twelves, etc. 


Get our prices before ordering. Highest 
efficiency guaranteed 
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s 
Offer, subject to prior sale, the following 
motors: 


twee Geian Boi osc cscecssasseses 50 HP 














NN is sn sod ean heen tae 100 HP, 9 cyl. 
eee ES... a aca oe bd aoe then 90 HP 
| ES ey POPPY ee 135 HP 
rr rr 200 HP 
EY TRIE. 300 HP 





IER, ooo <<, cn df agen lene ace ae 135 HP 






and others from 30 HP up. Prices very reasonable. 





Send for list “ AN.” State your needs. 


US. AEROLNCHANGE wi vot cry 
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FOR SALE 


AIRPLANES 


Royal Flying, Corps Canadian 
Training Planes, equipped with 
Curtiss 90 H. P. OX 5 engines. 
First-class flying condition. Im- 
mediate delivery. $2,000.00 each. 
Complete supply service. 


UNITED AIRCRAFT ENGINEERING CORPORATION 
52 Vanderbilt Avenue, New York, N. Y. 











Half of the 
American airmen 
have proved the 
Berling’s worth. 








PIONEERS IN THE MANUFACTURE OF PROPELLERS 







Former!li 
Established 1910 


We carry a large variety of propellers in stock. (No rejects.) 
Contractors to United States Government. 


Excelsior Prop, Co. 








“AIRCRAFT 
INSTRUMENTS 


PIONEER INSTRUGENT COMPANY 
380 CANAL STREET NEW YORK CITY 


STROUD 














Future Flyers 
ATTENTION! 


You have the opportunity of learning to 
FLY for PLEASURE or BUSINESS 


SCHOOL NOW OPEN. 


We are glad to answer inquiries 


PRINCETON FLYING CLUB, Princeton, N. J. 
WEST VIRGINIA AIRCRAFT CO., Wheeling, W. Va. 








Radiators 


For Airplanes 


Lightweight — Strength — Quality 


THE G & O MFG. CO., New Haven, Conn. 











1it¥-engs 






Specialists in Heat- 
Treating Vanadiums 


New York Wire @ Spring Company 
586 Washington Street, New York 














CAPITAL JIGS 
TOOLS 


veRINDER STAMPINGS vies 


E realize in air or at sea there should be so 
W fous material. All machine parts must be 

made right and perform their functions properly, 
hence we have equipped our new plant to turn out work 
of the highest quality. We offer our facilities to you 
and trust we may be of service. 


Will you give us a trial? 


LANSING STAMPING & TOOL Co. 


LANSING, MICHIGAN 
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~~ Will solve all the 
“tough” sodering problems. 
Any metal to any metal, including 
aluminum. ‘Takes a quick bite. Makes 
joints three times as strong as muriatic 
acid flux. 


Stick 






Paste 








Liquid—Salts 
Send for samples 


L. B. ALLEN CO., INC. 


4531 N. Lincoln St. Chicago, Illinois 











ROEBLING 
AIRCRAFT WIRE 
STRAND AND CORD 


THIMBLES AND FERRULES 


Send for Catalogue 


JOHN A. ROEBLING’S SONS CO. 


TRENTON, N. J. 








Flottorp Manufacturing Co. 


AIRCRAFT PROPELLERS 
Established 1912 


4611 West 12th Street Chicago, Ill. 
213 Lyon Street Grand Rapids, Mich. 





Contractors to United States Government 

















AVERY Liberty Aircraft 

Engine built is equipped 
with Zenith Liberty Carbure- 
tors—the reason is clear to 
Zenith users. 


Zenith Carburetor Co. 
NewYork DETROIT Chicago 








SN _ Dy For Your Flying 


= < Boats Use 














hb ect enenbe> ones H+ Pe 
} Send for Booklets— 
FFERY'S PATE ‘*Marine Glue, 


| Warerprooaliild foeieussins 
, “H to Mak 
‘LIQUID GL Vane °B oat 


if C QUALITY q Leakproof.” 
i **Seaplane Float 
Construction.” 











L. W. Ferdinand & Co, 
152 Kneeland Street 
Boston, Mass., U.S.A. 

































DOEHLER 


BABBITT-LINED BRONZE 


BEARINGS 


have been used for years with the utmost suc- 
cess by the leading motor manufacturers 
in the automobile and airplane industries. 


wemem rary BROORLYNCNGY: ve snes nar 
TOLEDO.OHIO. NEWARK. N.J, 


Also Die-Cast Babbitt Bearings, Die-Castings ia 
Brase &2 Bronse Aiuminum and White Metal Alloys 




















CLASSIFIED ADVERTISING 


10 Cents a word, minimum charge $2.00, payable in advance. 
Address replies to box numbers, care AVIATION AND AERO- 
NAUTICAL ENGINEERING, 22 East 17th Street, New York. 











RELIABLE AIR PILOTS desirous of taking advantage of 
their experience occasionally, periodically, or permanently, are 
invited to communicate (enclosing stamp for registration form) 
with AIR-PILOTS’ BUREAU, 299 Madison Ave., New York 
City. 


AIRCRAFT WORKS MANAGER (associate member of the 
Institute of Automobile Engineers, and pilot aviator) and 
AEROPLANE DESIGNER (associate member of the Institute 
of Naval Architects and Associate Fellow of the Royal Aero 
nautical Society, and author of scientific work), jointly respon- 
sible for seaplane and aeroplane productions during the war 
are, owing to British labor unrest, desirous of associating them- 
selves with large progressive firm in the United States. Ad 
dress C. G. Grey, editor, “The Aeroplane,” 166, Picadilly, 
London, W.I. 


—— 


HALL SCOTT, A-7T MOTOR FOR SALE. 100 h.p. Aviation 
Motor. New. Has “Perfect Starter.’ Cost $5,000. Ideal 
motor for flying boat or land machine. Immediate delivery. 
Price $1,000. Box 111. 

MECHANICAL ENGINEER with excellent practical experi- 
ence wauts position with reliable aeronautical people in expert 
mental, production, or sales department. Formerly aviator 
American Air Service. High class references. Box 109. 








WILL SELL Benoist Flying Boat equipped with six Hall 
Scott, cheap. Box 110. 
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TO ADVERTISERS 








Ackerman Wheel Co......... 
Aeromarine Plane & Motor Co 
Aireraft Engineering Corp... 
Ajax Auto & Aero Sheet Metal 
I, MR Man na aid « dd oe sO 
Aluminum Co. of America.... 
American Lead Pencil Co.... 
American Propeller & Mfg. Co 
Anderson Forge & Machine Co 
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Beardmore Aero Engine, Ltd................. 
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Curtiss Aeroplane & Motor Corp.............. 
8) 
Dalton Manufacturing Corp.................. 
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Dixon Crucible Co., Joseph...............-... 
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Goodyear Tire & Rubber Co.. 
Grand Rapids Veneer Works. 


J 
Jacuzzi Brothers............ 
Johns-Manville Co........... 
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L-W-F Engineering Co...... 
Lansing Stamping & Tool Co. 
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Martin Co., The Glenn L.... 
Marlin-Rockwell Corp ...... 
Maryland Pressed Steel Co.. 


Multnomah Lumber & Box Co 
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Roebling, John A. Son’s Co.................. 

Rome-Turney Radiator Co.................... 
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Thomas-Morse Aircraft Corp................. 

Titeflex Metal Hose Corp.................... 
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United Aircraft Engineering Corp............ 
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Wittemann-Lewis Aircraft Co................ 
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P&L Preservative Cable Lacquer 


Reproduced by Courtesy Curtiss Aeroplane & Motor Corp. 





and 
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| Liquid Wood Filler 


Check off the following in 


which you are interested 


mail to us. 


Impermalin 
- a waterproof varnish 
for wood and fabric 


| Naval Aeronautical Enamel 


all colors 
Wing Enamel, a// colors 
Propeller Varnish 


Preservative Cable Lacquer 
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FeHesS Rust! 


ECAUSE such destruction is almost sure to prove fatal 
when it occurs on the cables used in aircraft construc- 
tion, an ‘‘ounce of prevention’’ is being used in the 

shape of P&L Preservative Cable Lacquer. 

It is making a name for itself in this service on account 
of its ability to withstand the constant vibration of the wires 
when the machine is in flight. This unusual elasticity 
combined with the fact that it is impervious to the abrupt 
atmospheric changes encountered in flight, make it an ideal 
product for this use. 


PRATT & LAMBERT 
AIRPLANE FINISHES 


Beside this tough, elastic metal coating, this line includes varnishes and enamels 
for brushing, spraying and dipping. ‘The entire line is made by men who have 
helped make the name Pratt & Lambert the standard of quality in this country 
for 70 years. 


2 


If you have any problems in connection with the finishing of aircraft, do not 
hesitate to submit them to us for consultation. You can feel assured that you 
will receive the same careful thought and consideration that we gave to every 
problem submitted to us by the government during the world war. 

That we were successful in the solution of these problems is apparent from 
the thousands of barrels of aircraft finishes furnished by us for use on Army and 
Navy machines. 


PRATT & LAMBERT-Iwe. 
Pioneers in the Manufacture of Airplane Finishes 
134 TONAWANDA ST., BUFFALO, N. Y. 
FACTORIES 
BUFFALO 
BRIDGEBURG, ONTARIO 


NEW YORK CHICAGO 
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Merely the Fore-Runners 








The eight hundred full-size balloons that 
The Goodyear Tire & Rubber Company has 
manufactured during the last nine years can 
only be regarded as the fore-runners of third 
dimension transport. 


Just as the early spherical balloons have been 
succeeded by larger and more practical types, 
so will the dirigibles of today be merely 
modest precedents for tomorrow. 


We are confident that the day is not far 
distant when passenger travel by air will be 
an established reality—established on a 
commercial basis as one of the necessary 
forms of modern transportation. 


We are prepared for the great future. 


For nine years The Goodyear Tire & 
Rubber Company has been the leading 
manufacturer of rubberized balloon fabric 
in America. 


Tue GoopyeaR Tire & Ruspser Company, AKRON, OHIO 


This supremacy has naturally led to pioneer- 
ing the development of craft lighter than air. 


It has produced a body of Goodyear work- 
men who are truly balloon craftsmen. 


It has developed aeronautic engineers and 
designers of unquestioned competence and 
authority. 


Balloons of every standard size and type— 
spherical, advertising, kite and dirigible— 
are constantly being produced in the Good- 


year factory and tested over the Goodyear 
Aviation Field. 


On special sizes we are prepared to submit 
plans and specifications for any type of 
lighter-than-air craft—from miniature mod- 
els to huge Trans-Atlantic Liners. 
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S the world’s largest rubber manufacturer we are | | | 
able to supply everything in the line of balloon we | 
fabrics: double and single ply, bias and_ parallel, . | 
tape for strapping, and other requisites. ‘hey are | . | 
used and approved by the Bureau of Aircraft Pro- ie | 
tat of the United States Government at | 
Washington. | | 
| 
High quality has always beén maintained during our | | 
years of experience in the manufacture of balloon eS Mt A 
< fabrics. Strong and gas-tight, they withstand all ee. . 
weather and age well. e | 
We also manufacture Airplane Tires, Shock Ab- a it 
: sorbers, Gasoline and Radiator Hose, Rubber Mat- | || 
ting and Shoes for Aviators. . | 
% & Sy # | 
United States Rubber Company ! 


